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3resenn |nvent|on relates to magnetic disk drive data storag vi ces, and
Nor e part|cularly to rotary actuators enployed in such deV|c§%

selectlﬁély posi tioni ng magnetic transduilng heads 10 rel
rotahabhe di sks.

ROTARY HEAD ACTUATOR FOR A MAGNETIC
DISK DRIVE DATA STORAGE DEVICE

The present invention relates to magnetic disk
. drive data storage devices, and more particularly to
rotary actuators employed in such devices for
selectively positioning magnetic transducing heads
10 relative to rotatable disks. _
| Magnetic disk drive devices generally employ
either linear or rotary actuators to position magnetic
reading and recording heads with respect to rotatable
magnetic disks. Such heads are typically moved at
15 least generally radially of the disks in order to locate
a head proximate a desired track on the disks.

Rotary actuators usually include a shaft mounted
rotatably on the deck or other stationary housing
portlon of the drive, along with an arm or group of

20 stacked arms connected to the shaft for plvoting with
' the shaft. A magnetic tranducing head is mounted at the
end of each arm remote from the shaft, _and thus is
carried in an arcuate path as the shaft pivots.
. Usually, multiple head support arms are mounted on the
25 shaft in stacked relation, for rotation in concert with
the shaft. |
The prevailing means for controllably pivoting the
" head arm assembly is an electric motor including a voice
coil and permanent magnets. Typically, the voice coil
30' - is a flat loop extending perpendicular to the shaft
' pivot axis, connected to the shaft for pivoting with
‘the shaft. The permanent magnets are then integral
with the disk drive housing, positioned in spaced apart
relation to the voice coil and on opposite sides of the
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Magnetic di sk drive devices generally enploy either |inear orORe{r@‘NAL
actuators to position nmagnetic reading and recordi ng heads wth respect to

fot at abl e magnetic di sks. Such heads are typically noved at 15 | east
generally radially of the disks in order,to | ocate a head proximte a
desired track on the disks. Rotary actua?ors usual l'y include a shaft
nount ed

' coil. When electrical current is directed through the
wires of the voice coil, a magnetic field is generated
which inter-acts with the magnetic field of the
permanent magnets to provide the force which moves the

5 voice coil and rotates the shaft as well.
| This orientation of the voice coil, however, gives
rise to a problem in that only the radially outward
pbrtion of the voice coil has a desirably long moment
arm, i.e. distance from the pivot axis. The radially

10 _ inwérd portions of the coil have shorter effective
moment arms, and thus provide correspondingly reduced
'rotational force on the shaft and head arm assembly. Of
‘course, this difficulty can be counter-acted to some

~extent by increasing the size of the voice coil, vyet

15 such a "solution" runs contrary to the continuing trend
towards smaller and more compact disk drive components,
including rotary actuators. Large voice coils further
are a disadvantage in that they add to the inertia of
the shaft and head arm assembly, resulting in a head

20 arm assembly which cannot be accelerated and decelerated
as rapidly as desired, or conversely require increased
power to accelerate and decelerate the assembly.

Another challenge associated with rotary actuators
is the desire to employ light weight materials, e.g.

25 aluminium, to the extent possible further to reduce
inertia of the head arm assembly, as well as reducing
overall weight. At the same time, other necessary
structuré, e.g. flux carrying bodies constructed of
steel, have different thermal expansion co-efficients

30 and thus raise the potential for distortion due to the
varying thermal co-efficients of contiguous structures
in the actuator. .

It is an object of the present invention to
provide a rotary actuator, in which a voice coil is
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rotatably on the deck or other stationary housing portion of Eyﬁzqgggfbdle-
along with an armor group of 20 stacked arns connected to

pivoting with the shaft. A magnetic tranducing head is nounted at the end
of each armrenote fromthe shaft, and tQus is carried in an arcuate path

as the shaft pivots. Usually, multiple head support arms are nounted on the

" located so as to be more effective than in the prior art
described above.
°  According to the present invention, there is
provided .a rotary actuator for controllably positioning
5  a magnetic transducing head with respect to a magnetic
disk rotatably mounted in a disk drive, the rotary
actuator comprising a stationary portion, and a head
arm assembly mounted for rotation relative to the
stationary portion about a longitudinal axis, the head
10 _arm'assembly comprising at least one transducer support
arm extending radially of the longitudinal axis, said
at least one transducer support arm carrying at least
one magnetic transducing head at a location remote from
the longitudinal axis, the stationary portion including
15 a permanent magnet and the head arm assembly including
an electrically conductive voice coil arranged so as to
co-operate for rotating the head arm assembly relative
to the stationary portion for positioning said at least
one magnetic transducing head in use, characterised in
20 - that the permanent magnet has a magnet face extendlng
parallel to and in an arc about the longitudinal axis,
and the electrically conductive voice coil defines a
longitudinally extending surface, which is curved to
conform with the magnet face, the electrically
25 conductive voice coil having a thickness in the radial
direction which is substantially less than its
dimensions in the longitudinal and circumferential

directions.
Thus, in the present lnvention, the voice coil is
30 located at a substantially constant radial separation

from the longitudinal axis and so may provide a more
effective rotational force in use than is the case in
the prior art.

Further, since the thickness of the coil is
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25 shaft in stacked relation, for rotation in concert with the shaft.
The prevailing neans for controllably pi voting the head arm assenbly is an

electrlc_nntor including a voice coil and permanent nagnets(lgzglgﬁt L?e
voi ce coil 30 is a flat |oop extending perpendlcular to
axi s, connected to the shaft for plvotlng wth

substantially less than its other dimensions, rapid
- dissipation of heat from the voice coil can be obtained.
The voice coil may also be given a reduced mass
for reduced inertia of the head arm assembly at no
5 reduction in available power to accelerate and
decelerate the head arm assembly.
| The present invention is applicable to a disk
drive having a stationary frame, a data storage disk
_ mounted rotatably relative to the frame, a magnetic
10 _traﬁsducing head for storing data onto the disk and for
retrieving data previously stored onto the disk, and a
rotary actuator according to the invention for
controllably positioning the transducing head relative
to the disk.
15 - In the preferred embodiment described below, the
' rotary actuator includes a longitudinally extending
shaft, and means for rotatably supporting the shaft
‘with respect to the stationary frame. A plurality of
transducer support arms are integrally mounted on the
20 shaft for rotation with the shaft, ‘and extend away from
' the shaft in a first radial direction. At least one
magnetic transducing head is mounted on each support arm
at an end portion thereof remote from the shaft for
travel in an arcuate path as the shaft rotates. A
25 permanent maghet is fixedly mounted on the stationary
frame and spaced apart from the shaft. The magnet has a
convex magnet face directed towards the shaft and -curved
about the longitudinal axis. A coil support is
~integrally mounted on the shaft and extends away from
30 the shaft in a second radial direction. An electrically
conductive voice coil is mounted on the coil support for
- arcuate travel about the longitudinal axis as the shaft
rotates. The coil has a substantially uniform thickness
in the radial direction, and is curved about the longi-

Sheet Has Been Reﬂlaced

T



the shaft.  The permanent magnets are then integral wth the disk drive
housi ng, positioned in spaced apart relation to the voice c0|I and on
epposite sides of the 2 "“'\!AL

tudinal axis to conform to the curvature of the magnet
face. The coil is disposed radially inwardly of the
magnet face, and has a longitudinal dimension and a
width, each of which is at least five times its

5 thickness.

Preferably, the coil is formed from a single
aluminium wire, with the thickness of the coil being
determined by the diameter of the wire. The coil may
have a generally rectangular form, including a pair of

10 opﬁosed longitudinal side portions and a pair of opposed
arcuate end portions, combining to form a thin
rectangular frame.

Because the radial dimension of the c011 is deter-
mined by its relatively small thickness, substantially

15 all of the coil has the same momeht or lever arm, i.e.
is at the same distance from the pivot axis. This
arrangement enhances the performance of the rotary
actuator in achieving more consistent and reliable
performance, and also in providing the desired level of

20 = force to rotate the head arm assembly with a coil
substantially smaller in size as compared with a
conventional coil whose major dimension is in the radial
direction. The smaller coil reduces the inertia of the
assembly for more rapid acceleration and deceleration,

25 leading to reduced time for gaining access to particular
data tracks on disks, lower power regquirements, or
both. This arrangement further requires only about
half the permanent magnet volume required in connection
with a perpendicular or rédially disposed coil.

30 i In accordance with a further aspect of the
invention, the means for supporting the actuator shaft
include first and second transverse bearing plates
spaced apart from one another, and first and second
bearings supported in the first and second bearing
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coil. When electrical current is directed through the wire of the voice
coil, a magnetic field is generated which inter-acts with the 1

fiiel d of the permanent magnets to provide the force which nnvigj%ﬂEE5$$QJQI_
coil and rotates the shaft as well. This orientation of the voice coil,
however, gives rise to a problemin thaiﬁonly the radially outward portion
of the voice coil has a desirably long nonent arm i.e. distance fromthe
pivot axis. The radially inward portions of the coil_ have shoréer ffective
nmonent ar ns, RIREws FRIRAGHL Yesﬁ%ﬁﬂiﬂﬁ??foﬂ%c%@p?%fgfi8ﬂ P P5rce on

_the shaft. One of the bearing plates may incorporate a
parallelogram flexure providing means for axially pre-
loading the pair of bearings. This axial pre-load

5 secures the shaft position. The bearing plates may be
| secured to substantially rigid spacing means for
maintaining their spaced relationship. Biasing means,
mounted on the spacing means, may then contact the
flexible bearing plate and provide a bias to move that
- 10 plafe longitudinally away from the other.
- | Preferably, such biasing means comprise a pair of
leaf springs in contact with the flexible bearing plate.
The leaf springs provide a biasing force in a direction
axially pre-loading the bearings away from each other.
15 ' This compensates for thermal expansion effects if
aluminium is used in the bearing plates contiguous with
pole pieces of a low carbon steel for transfer of
magentic flux. This thermal compensation structure
_ enables the use of fixed races in the bearings for more
20 reliable mounting of the pivot shaft. ' '
' To provide the parallelogram flexure, a portion

‘of the bearing plate contacting the 1e§§ springs is cut
away to form parallel flexure means or load beams.
Performance is enhanced further by the insertion of

T8 damping material between the flexure load beams.

Thus, in accordance with the present invention, a
thin voice coil, with its major dimensions perpendicular
to the radial direction, can be provided in a substan-
tially reduced size and yet still give the same level of

30 force to accelerate and decelerate the head arm
assembly. This thin (rather than bobbin) structure
promotes rapid heat dissipation from the coil. The
reduced size coil 1owérs the inertia of the head arm

" assembly, thus further reducing power requiremgnts.
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the shaft and head arm assenbly. O course, this difficulty can be
counten-acted to sone extent by increasing the size of the voice coil et
duch a "solution" runs contrary to the continuing trend tomar@?F{iﬁgJiSﬁékg-
nore conpact disk drive conponents, |nclqd|ng rotary actuator

coils further are a disadvantage in that they add to the inertia of the
shaft and head arm assenbly, resulting in a head arm assenbly whi ch cannot

be accelerated and Q'ﬁﬁelkﬁ(r@%ﬁ:‘ioﬁs l&gg&%l&i%@qﬁif%r'or BPWHFSSEY require

i ncr eased power to accelerate and erate the as IY
example, with reference to the accompanying drawings,

in which:- __
Figure 1 is a top plan view of a magnetic disk
5 drive including a rotary actuator constructed.in

accordance with the present invention;
Figure 2 is a perspective view of the actuator

assembly; _
Figure 3 is a perspectlve view of the actuator
10 assémbly with a pivot shaft and head arm assembly
removed;

Figure 4 is a perspectlve view of the piﬁot shaft
and head arm assembly; _ '
] Figure 5 is a perspective view of a voice coil of
15 a head arm assembly; and
Figure 6 is a top plan view of portions of the
actuator assembly. _
In Figure 1, there is shown a magnetic disk drive
16 including a deck 18 which is part of a stationary
20 framework or hbusing for the disk drive. A stack of
magnetic data storage disks, the top one being shown at
20, is rotatably mounted relative to the deck through a
. spindle 22. Also mounted on the deck 18 is a rotary
actuator assembly 24, including a portion 26 which is
25 fixed to the deck and a head arm assembly 28 which is
movable relative to the deck. More particularly, the
head arm assembly 28 can be pivoted with respect to the
deck about a longitudinal axis 30 of a longitudinal
(i.e. vertical) actuator shaft 32. The head arm
30 assembly includes a stack of multiple transducer support
arms, the top one being shown at 34. A magnetic
transducing head 36 is supported at the free end of the
arm 34, rémdte from the actuator shaft, whereby the
transducing head 36 traverses an arcuate path as the
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Anot her chal | enge associated with rotary actuators is the desire to enpl oy
I'i ght weight materials, e.g. alumnium to the extent possiblglgangFrbdﬁx
keduce inertia of the head arm assenbly, as well as reducing I L_
weight. At the sane tine, other necessary structures, e.g. flux carrying
bodi es constructed of steel, have differdht thermal expansion coefficients
and thus raise the potential for distortion due to the varying thernal

coefficients of contiguous structures in the actuator. US-A-4,775,908
di scl oses a r &P&EtnF2n@divatiSc actuator in which a fixed coi

Figure 2 shows the actuator assembly 24 removed
from the disk drive. The fixed or stationary portion
‘of the actuator assembly includes a pair of generally
5 transverse or horizontal bearing plates constructed of
aluminium, in pafticular an upper bearing plate 38, and
a lower bearing plate 40 secured to the deck 18. Aan
aluminium pole piece support bracket 42 is secured to
the bearing plates 38 and 40. The bearing plates are
10 also secured to a pole piece 44, e.g. by fasteners 46,
48 and 50. The pole piece is preferably constructed of
~ a low carbon steel, and acts as a spacer to maintain
the separation between the bearing plates.
_ The head arm assembly 28 includes a plurality of
15 the transducer support arms 52 to 66 along with the top
arm 34, all integral with the actuator shaft 32 and
thus rotatable in concert as the shaft pivots.
In Figure 3, the head arm assembly is removed
from the remainder of the actuator assembly 24, to
20 reveal a pole piece support bracket 68 which co-operates
with the bracket 42 in determining the location of a
pole piece 70 situated between the brackets.
Upper and lower bearings 72 and 74 are supported
by the bearing plates 38 and 40, respectively, and
25 support opposite ends of the actuator pivot shaft 32 to
o enable shaft rotation. The vertical or longitudinal
separation of the bearings 72 and 74 is pre-determined
with respect to the actuator shaft length such that the
bearing plate of one of the bearings is at least
30 slightly elastically deformed when the shaft 32 is
supported between the plates. Biasing springs 84 and 86
provide the main axial bearing pre-load. Thus, the

bearings provide a restoring force which secures the
actuator shaft position. '
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acts on a ri ng-shaped flux conducting structure and pernanent nagnet whi ch
-are nmounted on the rotating parts of the actuator. s an

C
present invention to provide a rotary actuator, in mhlch a rgg eopt JET_

| ocated so as to be nore effectlve t han bn the prior act de ri’bed above.

Races of the bearings 72 and 74 are fixed. This,
in combination with the simultaneous use of aluminium
and low carbon steel as noted above, creates a need for
thermal compensation, in particular due to the different

5 thermal expansion co-efficients for aluminium and low
carbon steel. To this end, an arcuate cut out is
formed in the bearing plate 40 from a side edge 76 to
another side edge 78 as indicated by broken lines,
forming upper and lower parallel flexure members or load

10 beaﬁs 80 and 82. A leaf spring 84 is secured to the
bracket 42 and is pre-loaded to provide a downward bias
to the bearing plate 40 along the edge 76. Likewise, a
leaf spring 86, mounted on the bracket 68, downwardly
biases the bearing plate along the edge 78. 1In

15 combination, the leaf springs 84 and 86 together with
the load beams 80 and 82 compensate for the thermal mis-
match, and impart excellent thermal performance charac-
teristics to the rotary actuator.

To overcome undesirable resonance effects, an

20 arcuate damping member 88 having an aluminium core 90
surrounded by a visco-elastic damping layer 92 is
inserted into the arcuate opening between the load beams

80 and 82. _ :
The head arm assembly is illustrated in Figure 4.
25 The transducer support arms 34 and 52 to 66 are substan-

tially identical. The arm 34, for example, includes a
relatively thin tapered portion 94 extending radially of
a relatively thick base 96. A fastener 98, and a
similar fastener on the other side and thus not visible
30 in the Figure, secure the base 96 to a voice coil
carrying frame 100. The arms 52 to 66 similarly include
tapered extensions and bases, likewise secured to the
coil carrying frame. With the actuator pivot shaft 32
positioned between the bases and an upright sﬁpport
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3 According to the present invention, there is provided a rotary actuator

- for controllably positioning a magnetic transducing head with respect to a
magnetic disk rotatably nounted in a disk drive, the rotary_act g{@r

conprising a stationary portion, and a head arm assenbly ﬁkﬁi

rotation relative to the stationary portil®n about a longit I's

head arm assenbly conprising at

radlally of the longitudinal axis, said at |east one transducer

10

15

20

25

30

portion 102 of the frame, fasteners 98 secure the arms
and the frame integrally to the actuator pivot shaft.
Upper and lower flanges 104 and 106 of the frame 100
extend radially away from the shaft 32, in a direction
opposite to that of the arm extension, thus to counter-
balance the transducer support arms. A voice coil 108
is secured at its upper and lower end portions to the
flanges 104 and 106, and thus traverses an arcuate path
when the shaft 32 pivots. Preferably, the entire '
assembly including the shaft 32, the arms, the frame
100 and the voice coil 108, is constructed of
aluminium. This reduces the differential thermal
expansion of this assembly, enabling more accurate
location of the recording heads with respect to the
magnetic tracks located on the disk.

As seen in Figure 5, the voice coil 108 forms a
thin, rectangular frame. The voice coil is generally
flat, but more precisely is curved.about the longi-
tudinal axis 30. The rectangular frame is formed of
multiple windings (preferably over one hundred) of an
aluminium wire of rectangular cross section. The

windings themselves form the rectangular frame, there

being‘no core about which the wire is wound, for example
as in the well known bobbin approach.

The longitudinal dimension and the width (or
arcuate) dimension of the voice coil 108 are preferably
an order of magnitude greater than the coil thickness,
and in any event are at least five times the thickness.
As a result, the voice coil 108 can be considered as
contained within a thin wall of a circular upright
cylinder, concentric with the axis 30, with the moment
or lever arm of the coil being equal to the cylinder
radius. Accordingly, virtually the entire voice coil
has the same'moment or lever arm. With the wire winding
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support armcarrying at |east one nagnetic transducing heatajRJaE; tA QN
renote-fromthe longitudinal axis, the stationary portion ' Eﬁ;/\i_
per manent nmagnet and the head arm assenbly including an electrically
conductive voice coil arranged so as to ggoperate for rotating the head arm

assenbly relative to the stationary portion for positioning with respect to
‘the disk said at | east one magnetic transduci ng head in use, characterised

in that the pglomechbrii®fgethBagoalmpfdetokads exhendongepanadlll ¢osto and in
an arc about Lhe pQULLUghiR! a8 the Bife" ATnEhBIbREC? LHaCRAVECHOKG -
tudinal and arcuate dimensions determined by the number
of turns. | |
5 As seen in Figure 6, the pole piece 44 includes a
B radially inner surface 110 curved about the axis 30. A
permanent magnet assembly 112, including magnets 114
and 116, is secured to the pole piece 44. Magnets 114
and 116 are arcuate, and curved about the pivot axis
10 and thus conform to the surface 110 of the pole piece
44. This facilitates mounting of the magnets 114 and
116 to the pole piece, with radially outer faces of the
magnets contiguous with the surface 110. A radially
inner surface 120 of the magnet assembly likewise is
15 curved about the pivot axis. _
The pole piece 70, serving as a radially inner
pole piece, is fixed with respect to the deck 18,
situated between and spaced apart from the flanges 104 }
and 106 to permit movement of the head arm assembly. '
20 - More.particularly, fasteners as indicated at 122 and
124 secure the pole piece 70 to brackets 42 and 68. A
radially outer surface 126 of the pole piece 70 is
. curved about the longitudinal axis, and thus co-
operates with the surface 120 of the magnet assembly 112 ‘\
25 to form an arcuate, longitudinal air gap 128 between
B the magnet énd'the radially inner pole piece. The coil
' 108 is situated within the air gap 128, preferably
being radially centered.
The rotarf actuator 24 functions in a well known
30 manner. When electric current is supplied to the voice
coil 108, a magnetic field is generated about the voice
coil that inter-acts with the magnetic field about the
permanent magnet assembly 112. The force of the inter-
acting magnetic fields moves the voice coil 108 relative
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voice coil defines a longitudinally extending surface, which is curved to

conformwith the nagnet face, the electrically conductive %ELEEI@Q!H\PF¥[?Q
d thickness in the radial direction which is substantially s | Ak H

di mensions in the longitudinal and circunferential directions.. Thus, in the
present i-nvention, the voice coil is located at a substantially constant
radi al separation fromthe |ongitudinal axis and so may provide a nore

effective rot gl @l fetlaent WaGridiadssenitly Cathus PV ErE L.
shaft 32 and the head arm assembly, which in turn moves
the magnetic transducing head 36 and the remaining heads
in arcuate paths. Thus, each of the transducing heads

5 is movable generally radially of an associated one of
the magnetic disks, which, in combination with disk
‘rotation, enables the selected head positioning
necessary for recording and retrieving data.

' As compared with a conventional horizontal voice
- 10 'ccii orientation, the vertical flat coil substantially
~ reduces the time required for acceleration and
deceleration of the head arm assembly through reduced
actuator inertia, requires less power, and substan-
tially reduces voice coil temperaturé due to markedly

15 improved heat dissipation. This approach has been
found to reduce the required permanent magnet volume by
nearly fifty percent. Further reduction in inertia
results from the use of aluminium throughout the head

- assembly and for much of the remainder of the actuator

20 | assembly. Fixed race ball bearings can be employed to
secure the pivot shaft, in spite of the different
materials involved, due to the leaf sgrings and

'~ parallel load beams, which compensate for differences
in thermal expansion co-efficients.

25

30
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since the thickness of the coil is 4 substanti tha
di nensi ons, rapid dissipation of heat fromthe {3 boq [pe
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1. A rotary actuator for controllably positioning a
magnetic transducing head With-respect to a magnetic
disk rotatably mounted in a disk drive, the rotary
actuator comprising a stationary portion (26), and a
head arm assembly (28) mounted for rotation relative to
the stationary portion about a longitudinal axis (30),
the head arm assembly comprising at least one trans-
dudér support arm (34, 52 to 66) extending radially of
the longitudinal axis, said at least one transducer
support arm carrying at least one magnetic transducing

. i./_,/_a/?

"head (36) at a location remote from the longitudinal LAl -

e
axis, the stationary portion including a permanent j' J
magnet (114, 116) and the head arm assembly including an i
electrically conductive voice coil (108) arranged so as
to co-operate for rotating the head arm assembly

relative to the stationary portion for positioning said

\.

at least one magnetic transducing head in use, charac-
terised in that the permanent magnet has magnet face
(120) extending parallel to and in an arc about the

 longitudinal axig) and the electrically conductive

voice coil defines a longitudinally extending surface,
which is curved to conform with the magnet face, the
electrically conductive voice coil having a thickness in
the radial direction which is substantially less than
its dimensions in the_longitudinal and circumferential
directions. '

2. A rotary actuator according to claim 1 charac-
terised in that the dimensions of the electrically
conductive voice coil in the longitudinal and circum-
ferential directions are each at least five times its
thickness.

3. A rotary actuator according to claim 1 or 2
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The voice coil nay al so be given a reduced nmass for reduced inertia of the

head arm assenb duction in available powe

and decel erate “ mﬂﬂm HHmnbl y. The present inventi (Q[u\sg EBENM
to a disk drive av¢ng.ans atlenary framg,a data storage di sk nount ed
rotatably relative to the frane, a magnetic _

characterised in that the dimensions of the electrically
conductive voice coil in the longitudinal and circum-
ferential directions are each at least an order of
- magnitude greater  than its thickness.
5 - 4. A rotary actuator according to any of claims 1 to
' 3 characterised in that the electrically conductive

voice coil has a generally rectangular form.
5. A rotary actuator according to any of claims 1 to
4 characterised in that the electrically conductive

10 voice coil is formed from a single wire having a
rectangular cross section, and in that the thickness of
the electrically conductive voice coil is determined by
the cross section of the wire and its dimensions in the
longitudinal and circumferential directions are

15 determined by the number of turns of the wire.
6. A rotary actuator according to any preceding claim
characterised in that the stationary portion further
includes first and second magnetic. £lux conducting
bodies (44, 70), one (44) of which carries the

20 permanent magnet and the other (70) of which defines
with the permanent magnet an arcuate air gap (128)
receiving the electrically conductive voice coil.
7. A rotary actuator according to aﬁy preceding claim
characterised in that the head arm assembly comprises a

25 . pivot shaft (32) and in that the stationary portion
comprises means (38, 40, 72, 74) for rotatably
supporting the pivot shaft, the supporting means
including first and second longitudinally spaced bearing
plates (38, 40) and first and second bearings (72, 74)

30 supported by the first and second bearing plates,
respectively, one of the bearing plates being
elastically deformed in a direction away from the other
of the bearing plates to provide a restoring force for
locating the pivot shaft. .
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10 transducing head for storing data onto the disk and f
data previousty- stOTed‘onto the disk, and a rotary actuator F% té %ﬂ;&i_
the i nvention f H05|tjoning t he transduci ng Mead relatlve to
t he disk. 15 iﬁ“‘ | K“ ferred enimdi nent descri bed below, the
rotary actuator I+nc ®m [%ondi tudi nal |y extending
A rotary actuator according to claim 7
characterlsed in that the head arm assembly further
qbﬁprises*biasing means (84, 86) for biasing at least
~ one of the bearing plates in a direction away from the
5 other of the bearing plates”
9. A rotary actuator according to claim 7 or 8
characterised in thaﬁxone of the bearing plates

comprises first and second parallel flexure members (80,
82) defining an arcuate opening through said bearing

10 plate, and an arcuate damping member (88) within the
‘arcuate opening./<
10. A rotary actuator for use in a disk drive having a

stationary frame, a magnetic disk mounted with respect
to the frame for rotation relative to the frame, and a
15 magnetic transducing head for storing data onto the disk
and for retrieving data previously stored on the disk,
for controllably positioning the head with respect to
the disk, said rotary actuator being characterised by a
longitudinélly extended actuator shaft (32), and means
20 (38, 40) for supporting the shaft with respect to the
frame to pivot relative to the frame about a longitu-
dinal pivot axis (30), a transducer support arm means
(34, 52 to 66) integrally mounted to the shaft for
rotation therewith, said transducer support arm means
25 extending away from the shaft in a first radial
direction, and at least one magnetic transducing head
(36) mounted to the support arm means at an end portion
thereof remote from the shaft, £for travel in an arcuate
path as the shaft rotates, a permanent magnet means
30 (112, 114) mounted to the frame in spaced apart relation
' to the shaft, said magnet means having a convex magnet
face directed towards the shaft and curved about the
pivot axis, a coil support means (100) integrally
mounted to the shaft and extended away from the shaft in

—_—
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shaft, and nmeans for rotatably supporting the shaft with igacr\ ?Rj_
stationary fra f transducer support arns 13 ‘dhtﬁgﬁi
Mount ed- on the. HI “n “'mnﬂrotation with the shaft, and extend away
fromthe shaft uadhal directi d® At | east one magnetic

transduci ng head i s nounted on each support armat an end portion thereof

ramtefromtheshﬂt for .
_ a second radial direction, and an electrically

conductive voice coil (108) mounted to the coil support
means £or arcuate travel about the pivot axis as the
actuétor_shaft pivots, said voice coil having a

5 uniform thickness radially and being disposed radially
inwardly of the magnet face, said coil being curved
about the pivot axis to conform to the curvature of the
magnet face, and having a longitudinal dimension and a
width dimension, each at least five times the

10 thiﬁkness.
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travel in an arcuate path as the shaft rotates. A 25 per manent nagnet
is fixedly nounted on the stationary franme and spaced apargaﬁqutggﬁszst.
The magnet has a concave magnet face directed towards the afiti ehd ed
about ‘the longitudinal axis. A coil suppoft is integrally nounted on the
shaft .and extends away from 30 the shaft in a second radial direction.

An electrically
' ABSTRACT

ROTARY HEAD ACTUATOR FOR A MAGNETIC
DISK DRIVE DATA STORAGE DEVICE
The present invention provides a rotary actuator
5 for use in a disk drive having a stationary frame, a
magnetic disk mounted with réspect to the frame for
rotation relative to the frame and a magnetic
transducing head for storing data onto the disk and
retrieving data previously stored on the disk, the
10 rotary actuator serving for controllably positioning the
head with respect to the disk.
The rotary actuator in accordance with the
invention comprises a stationary portion (26), and a
head arm assembly (28) mounted for rotation relative to
15 the stationary portion about a longitudinal axis (30).

. The head arm assembly comprises at least one transducer
support arm (34, 52 to 66) extending radially of the
longitudinal axis and carrying at least one magnetic
transducing head (36) at é location remote from the

20 longitudinal axis. The stationary portion includes a
permanent magnet (114, 116) and the head arm assembly
includes an electrically conductive voice coil (108)

. arranged so as to co-operate for rotating the head arm
assembly relative to the stationary portion for

25 positioning said at least one magnetic transducing head
in use. The permanent magnet has a magnet face (120)
extending generally parallel to the longitudinal axis
and in an arc about the longitudinal axis, and the
electrlcally conductive voice coil defines a longitu-

30 dinally extendlng surface, which is curved to conform
with the magnet face, the electrically conductive voice
coil having a thickness in the radial direction which is
substantially less than its dimensions in the longitu-
dinal and circumferential directions.

[Figures 4 and 6]
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conductive voice coil is nounted on the coil support for arcuate travel
about the longitudinal axis as the shaft rotates. The coi QL’RSL@LN '
substadntially uniformthickness in the radial direction, [

about the longi-

— —— Fig. I
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5 tudinal axis to conformto the curvature of the magnet—face. The coil is

di sposed radially inwardly of the magnet face, -qﬂgsﬁ@ﬁingwﬁm&di nalo(z/L)L

i nension and a width, each of which is at | east Hlm m“vm n 5
I

t hi ckness. Preferably, the coil is fornmed froma




alumniumwire, wth the thickness of the coil being determ ned by the

di aneter of the wire--The-coil may have a generally regtfanodt ak ifprgm
including a pair of 10 lz“cgdoposed | ongi t udi nal side p@tﬁdﬁg Eh\il@l@a'

| f
opposed ar B ns, conbining to forma thin rectangul ar fraggL
Because the “ H on of the coil is deter- _
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[ substantially 15 all of the

mned by its relatively small thickness,
coil has -the same nmonent-er lever arm i.e. is at the sane dlstance fro
t'he p|vot aX|s TFls arrquenent enhances the perfornEE$§4gE;1 né@};

act uat or T f consistent and reliable pe
vel of 20 force to rotate e head arn1asse
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subst anti al

) : ly smaller in size as conpared with a conventional coil whose
- Fm) or dlmensu)n is in the radial—di+gction.

inerti
| eadi ngj t
di sks,

requirep ya%(s?bouéaaed 13 4 paged ,,,,,,
a

E};\:}strr-.ct : paged ... to paged .......

%EﬁmEﬁor 0 ng Access 10

soRBYEY pdgRd ul. L& e paged gﬁ Hoth.  Thi®

wing(s) : paged ....\.. to paged \E 1

ROTARY HEAD ACTUATOR FOR A MAGNETIC
DISK DRIVE DATA STORAGE DEVICE

The present invention relates to magnetic disk
drive data storage devices, and more particularly to
rotary actuators employed in such devices for
selectively positioning magnetic transducing heads
relative to rotatable disks.

Magnetic disk drive devices generally employ
either linear or rotary actuators to position magnetic
reading and recording heads with respect to rotatable
magnetic disks. Such heads are typically moved at
least generally radially of the disks in order to locate
a head proximate a desired track on the disks.

Rotary actuators usually include a shaft mounted
rotatably on the deck or other stationary housing
portion of the drive, along with an arm or group of
stacked arms connected to the shaft for pivoting with
the shaft. A magnetic tranducing head is mounted at the
end of each arm remote from the shaft, and thus is
carried in an arcuate path as the shaft pivots.

Usually, multiple head support arms are mounted on the
shaft in stacked .relation, for rotation in concert with
the shaft.

The prevailing means for controllably pivoting the
head arm assembly is an electric motor 1nclud1ng a voice
coil and permanent magnets: Typically, the voice coil
is a flat loop extending perpendicular to the shaft
pivot axis, connected to the shaft for plvotxng with
the shaft. The permanénuﬂmagnets are then 1ntegral
with the disk drive hoéélng, posztloned in spaced apart
relation to the voice coil and on opposite sides of the
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hal f the per manent magnet volunme required in connection with a

perpendi cul ar or radially disposed coil. 30 In accordance with a

further aspect of the invention, the neans for supporting the actuator

and first and second bearings supported in the first and

second, bearing

2

coil. When electrical current is directed through the
wires of the voice coil, a magnetic field is generated
which inter-acts with the magnetic field of the
permanent magnets to provide the force which moves the
voice coil and rotates the shaft as well.

This orientation of the voice coil, however, gives
rise to a problem in that only the radially outward
portion of the voice coil has a desirably long moment
arm, i.e. distance from the pivot axis. The radially
inward portions of the coil have shorter effective
moment arms, and thus provide correspondingly reduced
rotational force on the shaft and head arm assembly. of
course, this difficulty can be counter-acted to some
extent by increasing the size of the voice coil, yet
such a "solution" runs contrary to the continuing trend
towards smaller and more compact disk drive components,
including rotary actuators. Large voice coils further
are a disadvahtage in that they add to the inertia of
the shaft and head arm assembly, resulting in a head
arm assembly which cannot be accelerated and decelerated
as rapidly as desired, or conversely require increased
power to accelerate and decelerate the assembly.

Another challenge associated with rotary actuators
is the desire to employ light weight materials, e.g.
aluminium, to the extent possible further to reduce
inertia of the head arm assembly, as well as reducing
overall weight. At the same time, other necessary
structuré, e.g. flux carrying bodies constructed of
steel, have different thermal expansion co-efficients
and thus raise the potential for distortion due to the
varying thermal co-efficients of contiguous structures
in the actuator.

It is an object of the préSent 1nVéntron’to

provide a rotary actuator, in which a voice coil is
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shaft include first and second transverse bearing plates spacéd apart from
one anot her,



6 p1atesz respectively, for receiving opposite ends of the shaft. One of
the bearing plates may incorporate a parallel ogramflexure providi ng neans
for axially pre-

located so as to be more effective than in the prior art
described above.

According to the present invention, there is
provided a rotary actuator for controllably positioning
a magnetic transducing head with respect to a magnetic
disk rotatably mounted in a disk drive, the rotary
actuator comprising a stationary portién, and a head
arm assembly mounted for rotation relative to the
stationary portion about a longitudinal axis, the head
arm.assembly comprising at least one transducer support
arm extending radially of the longitudinal axis, said
at least one transducer support arm carrying at least
one magnetic transducing head at a location remote from
the longitudinal axis, the stationary portion including
a permanent magnet and the head arm assembly including
an electrically conductive voice coil arranged so as to
co-operate for rotating the head arm assembly relative
to the stationary portion for positiening said at least
one magnetic transducing head in use, characterised in
that the permanent magnet has a magnet face extending
parallel to and in an arc about the longitudinal axis,
and the electrically conductive voice coil defines a
longitudinally extending surface, which is curved to
conform with the magnet face, the electrically
conductive voice. coil having a thickness in the radial
direction which is substantially less than its
dimensions in the longitudinal and circumferential
directions. | .

Thus, in the present invention, the voice coil is
located at a substantially constant radial separation
from the longitudinal axis and so may provide a more
effective rotational force in use than is the case in
the prior art.

Further, since the thickness of the coil is

t shest
s Sheet Has Been Reﬁaced This is the replacemen

AR 10 00T %

Date:



| oadi ng the pair of bearings. This axial pre-load 5 secures the shaft
posi tion. The bearing plates may be secured to substantially rigid
spaci ng neans for maintaining their spaced rel ationship. Biasing neans,
nount ed on the spacing neans, may then contact the flexible bearing plate
and provide a bias to nove that 10 plate longitudinally away fromthe
ot her .

substantially less than its other dimensions, rapid
dissipation of heat from the voice coil can be obtained.

The voice coil may also be given a reduced mass
for reduced inertia of the head arm assembly at no
reduction in available power to accelerate and
decelerate the head arm assembly.

The present invention is applicable to a disk
drive having a stationary frame, a data storage disk
mounted rotatably relative to the frame, a magnetic
trahsducing head for storing data onto the disk and for
retrieving data previously stored onto the disk, and a
rotary actuator according to the invention for
controllably positioning the transducing head relative
to the disk.

In the preferred embodiment described below, the
rotary actuator includes a longitudinally extending
shaft, and means for rotatably supporting the shaft
with respect to the stationary frame. A plurality of
transducer support arms are integrally mounted on the
shaft for rotation with the shaft, ‘and extend away from
the shaft in a first radial direction. At least one
magnetic transducing head is mounted on each support arm
at an end portion thereof remote from ihe shaft for
travel in an arcuate path as the shaft rotates. A
permanent magnet is fixedly mounted on the stationary
frame and spaced apart from the shaft. The magnet has a
convex magnet face directed towards the shaft and curved
about the longitudinal axis. A coil support is
integrally mounted on the shaft and extends away from
the shaft in a second radial direction. An electrically
conductive voice coil is mounted oh the coil support for
arcuate travel about the longitudinal axis as the shaft
rotates. The coil has a substantially uniform thickness
in the radlal direction, and is curved about the longi-
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Preferably, such biasing neans conprise a pair of |leaf springs in contact
with the flexible bearing plate. The |eaf springs provide a biasing force
in a direction axially pre-loading the bearings away from each other. 15
This conpensates for thermal expansion effects if alumniumis used in the
bearing plates contiguous with pole pieces of a | ow carbon steel for
transfer of

5

tudinal axis to conform to the curvature of the magnet
face. The coil is disposed radially inwardly of the
magnet face, and has a longitudinal dimension and a
width, each of which is at least five times its
thickness.

Preferably, the coil is formed from a single
aluminium wire, with the thickness of the coil being
determined by the diameter of the wire. The coil may
have a generally rectangular form, including a pair of
opﬁbsed longitudinal side portions and a pair of opposed
arcuate end portions, combining to form a thin
rectangular frame.

Because the radial dimension of the coxl is deter-
mined by its relatively small thickness, substantially
all of the coil has the same moment or lever arm, i.e.
is at the same distance from the pivot axis. This
arrangement enhances the performance of the rotary
actuator in achieving more consistent and reliable
performance, and also in providing the desired level of
force to rotate the head arm assembly with a coil
substantially smaller in size as compared with a
conventional coil whose major dimension is in the radial
direction. The smaller coil reduces the inertia of the
assembly for more rapid acceleration and deceleration,
leading to reduced time for gaining access to particular
data tracks on disks, lower power requirements, or
both. This arrangement further requires only about
half the permanent magnet volume required in connection
with a perpendicular or radially disposed coil.

In accordance with a further aspect of the
invention, the means for supporting the actuator shaft
include first and second transverse bearing plates
spaced apart from one another, and first and second
bearings supported in the first and second bearing

Tmsistheremacementsh.et
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magnetic fl ux. This thernmal conpensation structure enables the use of
fixed races in the bearings for nore 20 reliabl e nounting of the pivot
shaft. To provide the parallelogramflexure, a portion of the bearing plate
contacting the leaf springs is cut away to formparallel flexure neans or

| oad béams. Performance is enhanced further by the insertion of

6

plates, respectively, for receiving opposite ends of
the shaft. One of the bearing plates may incorporate a
parallelogram flexure providing means for axially pre-
loading the pair of bearings. This axial pre-load
secures the shaft positioen. The bearing plates may be
secured to substantially rigid spacing means for
maintaining their spaced relationship. Biasing means,
mounted on the spacing means, may then contact the
flexible bearing plate and provide a bias to move that
plafe longitudinally away from the other.

Preferably, such biasing means comprise a pair of
leaf springs in contact with the flexible bearing plate.
The leaf springs provide a biasing force in a direction
axially pre-loading the bearings away from each other.
This compensates for thermal expansion effects if
aluminium is used in the bearing plates contiguous with
pole pieces of a low carbon steel for transfer of
magentic flux. This thermal compensation structure
enables the use of fixed races in the bearings for more
reliable mounting of the pivot shaft. ' '

To provide the parallelogram flexure, a portion
of the bearing plate contacting the leif springs is cut
away to form parallel flexure means or load beams.
Performance is enhanced further by the insertion of
damping material between the flexure load beams.

Thus, in accordance with the present invention, a
thin voice coil, with its major dimensions perpendicular
to the radial direction, can be provided in a substan-
tially reduced size and yet still give the same level of
force to accelerate and decelerate the head arm
assembly. This thin (rather than bobbin) structure
promotes rapid heat dissipation from the coil. The
reduced size coil lowers the inertia of the head amm
assembly, thus further reducing power requirements.
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25 danmpi ng material between the flexure | oad beans. Thus, in accordance

with the present invention, a thin voice coil, with its major dinensions
perpendi cular to the radial direction, can be provided in a substan- tially
reduced size and yet still give the sane |evel of 30 force to accelerate
and decel erate the head arm assenbly. This thin (rather than bobbi n)
structure

7

The invention is described further, by way of
example, with reference to the accompanying drawings,
in which:-

Figure 1 is a top plan view of a magnetic disk
drive including a rotary actuator constructed in
accordance with the present invention;

Figure 2 is a perspective view of the actuator
assembly;

Figure 3 is a perspective view of the actuator
assémbly with a pivot shaft and head arm assembly
removed;

Figure 4 is a perspective view of the pivot shaft
and head arm assembly;

Figure 5 is a perspective view of a voice coil of
a head arm assembly; and

Figure 6 is a top plan view of portions of the
actuator assembly.

In Figure 1, there is shown a magnetic disk drive
16 including a deck 18 which is part of a stationary
framework or housing for the disk drive. A stack of
magnetic data storage disks, the top one being shown at
20, is rotatably mounted relative to the deck through a

. spindle 22. Also mounted on the deck 18 is a rotary
actuator assembly 24, including a portion 26 which is
fixed to the deck and a head arm assembly 28 which is
movable relative to the deck. More particularly, the
head arm assembly 28 can be pivoted with respect to the
deck about a longitudinal axis 30 of a longitudinal
(i.e. vertical) actuator shaft 32. The head arm
assembly includes a stack of multiple transducer support
arms, the top one being shown at 34. A magnetic
transducing head 36 is supported at the free end of the
arm 34, remote from the actuator shaft, whereby the
transducing head 36 traverses an arcuate path as the
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prohntes rapi d heat dissipation fromthe coil. The reduced size coil |owers
the inertia of the head arm assenbly, thus further reduci ng power
requirenents. 7 .

shaft 32 pivots.

Figure 2 shows the actuator assembly 24 removed
from the disk drive. The fixed or stationary portion
of the actuator assembly includes a pair of generally
transverse or horizontal bearing plates constructed of
aluminium, in particular an upper bearing plate 38, and
a lower bearing plate 40 secured to the deck 18. 2An
aluminium pole piece support bracket 42 is secured to
the bearing plates 38 and 40. The bearing plates are
also secured to a pole plece 44, e.g. by fasteners 46,
48 and 50. The pole piece is preferably constructed of
a low carbon steel, and acts as a spacer to maintain
the separation between the bearing plates.

The head arm assembly 28 includes a plurality of
the transducer support arms 52 to 66 along with the top
arm 34, all integral with the actuator shaft 32 and
thus rotatable in concert as the shaft pivots.

In Figure 3, the head arm assembly is removed
from the remainder of the actuator assembly 24, to
reveal a pole piece support bracket 68 which co-operates
with the bracket 42 in determining the location of a
pole piece 70 situated between the braq@ets.

Upper and lower bearings 72 and 74 are supported
by the bearing plates 38 and 40, respectively, and
support oppoéite ends of the actuator pivot shaft 32 to
enable shaft rotation. The vertical or longitudinal
separation of the bearings 72 and 74 is pre-determined
with respect to the actuator shaft length such that the
bearing plate of one of the bearings is at least
slightly elastically deformed when the shaft 32 is
supported between the plates. Biasing springs 84 and 86
provide the main axial bearing pre-load. Thus, the
bearings provide a restoring force which secures the
actuator shaft position.

This is the replacement shet

T e -



The invention is described further, by way of exanple, with reference to
t he acconpanying drawings, in which:- Figure 1 is a top plan view of a
magnetic disk 5 drive including a rotary actuator constructed in
accordance with the present invention; Figure 2 is a perspective view of
t he actuat or ' '

Races of the bearings 72 and 74 are fixed. This,
in combination with the simultaneous use of aluminium
and low carbon steel as noted above, creates a need for
thermal compensation, in particular due to the different
thermal expansion co-efficients for aluminium and low
carbon steel. To this end, an arcuate cut out is
formed in the bearing plate 40 from a side edge 76 to
another side edge 78 as indicated by broken lines,
forming upper and lower parallel flexure members or load
beams 80 and 82. A leaf spring 84 is secured to the
bracket 42 and is pre-loaded to provide a downward bias
to the bearing plate 40 along the edge 76. Likewise, a
leaf spring 86, mounted on the bracket 68, downwardly
biases the bearing plate along the edge 78. 1In
combination, the leaf springs 84 and 86 together with
the load beams 80 and 82 compensate for the thermal mis-
‘match, and impart excellent thermal performance charac-
teristics to the rotary actuator.

To overcome undesirable resonance effects, an
arcuate damping member 88 having an aluminium core 90
surrounded by a visco-elastic damping layer 92 is
inserted into the arcuate opening between the load beams
80 and 82. _ .

The head arm assembly is illustrated in Figure 4.
The transducer support arms 34 and 52 to 66 are substan-
tially identical. The arm 34, £for example, includes a
relatively thin tapered portion 94 extending radially of
a relatively thick base 96. A fastener 98, and a
similar fastener on the other side and thus not visible
in the Figure, secure the base 96 to a voice coil
carrying frame 100. The arms 52 to 66 similarly include
tapered extensions and bases, 1likewise secured to the
coil carrying frame. With the actuator pivot shaft 32
pqii;ioned between the bases and an upright sdpport

ent shest
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assenbly; Figure 3 is a perspective view of the actuator 10 assenbly
with a pivot shaft and head arm assenbly renoved; Figure 4 is a perspective
view of the pivot shaft and head arm assenbly; Figure 5 is a perspective
view of a voice coil of

10

portion 102 of the frame, fasteners 98 secure the amms
and the frame integrally to the actuator pivot shaft.
Upper and lower flanges 104 and 106 of the frame 100
extend radially away from the shaft 32, in a direction
opposite to that of the arm extension, thus to counter-
balance the transducer support arms. A voice coil 108
is secured at its upper and lower end portions to the
flanges 104 and 106, and thus traverses an arcuate path
when the shaft 32 pivots. Preferably, the entire
assémbly including the shaft 32, the arms, the frame
100 and the voice coil 108, is constructed of
aluminium. This reduces the differential thermal
expansion of this assembly, enabling more accurate
location of the recording heads with respect to the

- magnetic tracks located on the disk.

As seen in Figure 5, the voice coil 108 forms a
thin, rectangular frame. The voice coil is generally
flat, but more precisely is curved.about the longi-
tudinal axis 30. The rectangular frame is formed of
multiple windings (preferably over one hundred) of an
aluminium wire of rectangular cross section. The
windings themselves form the rectangulq; frame, there
being no core about which the wire is wound, for example
as in the well known bobbin approach.

The longitudinal dimension and the width (or
arcuate) dimension of the voice coil 108 are preferably
an order of magnitude greater than the coil thickness,
and in any event are at least five times the thickness.
As a result, the voice coil 108 can be considered as
contained within a thin wall of a circular upright
cylinder, concentric with the axis 30, with the moment
or lever arm of the coil being equal to the cylinder
radius. Accordingly, virtually the entire voice coil
has the same moment or lever arm. With the wire winding

This Sheet Has Been Replaced This is the replacement sheet

(R R oa: 10 067 g




15 a head arm assenbly; and Figure 6 is a top plan view of portions of
the actuator assenbly. In Figure 1, there is shown a nagnetic disk drive 16
including a deck 18 which is part of a stationary 20 framewor k or
housing for the disk drive. A stack of magnetic data storage disks, the
top one being shown at

11

alone forming the coil (no core), the voice coil 108
can be as thin as the wire dimensions, and have longi-
tudinal and arcuate dimensions determined by the number
of turns. ,

As seen in Figure 6, the pole piece 44 includes a
radially inner surface 110 curved about the axis 30. A
permanent magnet assembly 112, including magnets 114
and 116, is secured to the pole piece 44. Magnets 114
and 116 are arcuate, and curved about the pivot axis
and thus conform to the surface 110 of the pole piece
44, This facilitates mounting of the magnets 114 and
116 to the pole piece, with radially outer faces of the
magnets contiguous with the surface 110. A radially
inner surface 120 of the magnet assembly likewise is
curved about the pivot axis.

The pole piece 70, serving as a radially inner
pole piece, is fixed with respect to the deck 18,
situated between and spaced apart from the flanges 104
and 106 to permit movement of the head arm assembly.
More particularly, fasteners as indicated at 122 and
124 secure the pole piece 70 to brackets 42 and 68. A
radially outer surface 126 of the pole piece 70 is

- curved about the longitudinal axis, and thus co-
operates with the surface 120 of the magnet assembly 112
to form an arcuate, longitudinal air gap 128 between
the magnet and the radially inner pole piece. The coil
108 is situated within the air gap 128, preferably
being radially centered.

The rotary actuator 24 functions in a well known
manner. When electric current is supplied to the voice
coil 108, a maghetic field is generated about the voice
coil that inter-acts with the magnetic field about the
permanent magnet assembly 112. 'The force of the inter-
actlng magnetlc ﬁ}elds moves the voice coil 108 relative
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20, is rotatably nmounted relative to the deck through a spindle 22. Al so
mounted on the deck 18 is a rotary actuator assenbly 24, including a
portion 26 which is 25 fixed to the deck and a head arm assenbly 28
which is novable relative to the deck. More particularly, the head arm
assenbly 28 can be pivoted with respect to the deck about a-longitudinal
axis 30 of a | ongitudinal 12

to the permanent magnet assembly, thus to pivot the
shaft 32 and the head arm assembly, which in turn moves
the magnetic transducing head 36 and the remaining heads
in arcuate paths. Thus, each of the transducing heads
is movable generally radially of an associated one of
the magnetic disks, which, in combination with disk
rotation, enables the selected head positioning
necessary for recording and retrieving data.

_ As compared with a conventional horizontal voice
coil orientation, the vertical flat coil substantially
reduces the time required for acceleration and
deceleration of the head arm assembly through reduced
actuator inertia, requires less power, and substan-
tially reduces voice coil temperature due to markedly
improved heat dissipation. This approach has been
found to reduce the required permanent magnet volume by
nearly fifty percent. Further reduction in inertia
results from the use of aluminium throughout the head
assembly and for much of the remainder of the actuator
assembly. Fixed race ball bearings can be employed to
secure the pivot shaft, in spite of the different
materials involved, due to the leaf sgrings and
parallel load beams, which compensate for differences
in thermal expansion co-efficients.
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(i.e. vertical) actuator shaft 32. The head arm 30 assenbly includes a
'stack of multiple transducer support arns, the top one being shown at 34. A
magneti ¢ transducing head 36 is supported at the free end of the arm 34,
renmote fromthe actuator shaft, whereby the transduci ng head-36 traverses

an arcuat e patn as the S

CLAIMS

1. A rotary actuator for controllably positioning a
magnetic transducing head with respect to a magnetic
disk rotatably mounted in a disk drive, the rotary
actuator comprising'a stationary portion (26), and a
head arm assembly (28) mounted for rotation relative to
the stationary portion about a longitudinal axis 136),
the head arm assembly comprising at least one trans-
ducer support arm (34, 52 to 66) extending radially of
the longitudinal axis, said at least one transducer
support arm carrying at least one magnetic transducing
head (36) at a location remote from the longitudinal
axis, the stationary portion including a permanent
magnet (114, 116) and the head arm assembly including an
electrically conductive voice coil (108) arranged so as
to co-operate for rotating the head arm assembly
relative to the stationafy portion for pbsitioning said
at least one magnetic transducing head in use, charac-
terised in that the permanent magnet has 2 hagnet face
(120) extending parallel to and in an arc about the
longitudinal axis) and the electrically conductive
voice coil defines a longitudinally extending surface,
which is curved to conform with the magnet face, the
electrically conductive voice coil having a thickness in
the radial direction which is substantially less than
its dimensions in the longitudinal and circumferential
directions. |
2. A rotary actuator according to claim 1 charac-
terised in that the dimensions of the electrically
conductive voice coil in the longitudinal and circum-
ferential directions are each at least five times its

thickness.
3. A rotary actuator according to claim 1 or 2
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8 shaft 32 pi vots. Figure 2 shows the actuator assenbly 24 renoved fromthe
di sk drive. The fixed or stationary portion of the actuator assenbly
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characterised in that the dimensions of the electrically
conductive voice coil in the longitudinal and circum-
ferential directions are each at least an order of
magnitude greater than its thickness.

4. A rotary actuator according to any of claims 1 to
3 characterised in that the electrically conductive
voice coil has a generally rectangular form.

5. A rotary actuator according to any of claims 1 to
4 characterised in that the electrically conductive
voice coil is formed from a single wire having a
rectangular cross section, and in that the thickness of
the electrically conductive voice coil is determined by
the cross section of the wire and its dimensions in the
longitudinal and circumferential directions are
determined by the number of turns of the wire.

6. A rotary actuator according to any preceding claim
characterised in that the stationary portion further
includes first and second magnetic, £lux conducting
bodies (44, 70), one (44) of which carries the
permanent magnet and the other (70) of which defines
with the permanent magnet an arcuate air gap (128)
receiving the electrically conductive voice coil.

7. A rotary actuator according to aﬁy preceding claim
characterised in that the head arm assembly comprises a
pivot shaft (32) and in that the stationary portion
comprises means (38, 40, 72, 74) for rotatably
supporting the pivot shaft, the supporting means
including first and second longitudinally spaced bearing
plates (38, 40) and first and second bearings (72, 74)
supported by the first and second bearing plates,
respectively, one of the bearing plates being’ _
elastically deformed in a direction away from the other
of the bearing plates to provide a restoring force for
locating the prOt shaft.
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5

transverse or horizontal bearing plates constructed of alumnium in

particular an upper bearing plate 38, and a | ower bearing plate 40 secured
to the deck 18. An al um nium pol e pi ece support bracket 42 i's secured to
the bearing plates 38 and 40. The bearing plates ar

a pole piece 44, e.g. by fasteners 46, 48 and 50. mmullumﬁmmﬂtred to

preferably constructed of

15

8. A rotary actuator according to claim 7
characterised in that the head arm assembly further
comprises%biasing means (84, 86) for biasing at least
one of the bearing plates in a direction away from the
other of the bearing plates.

9. A rotary actuator according to claim 7 or 8
characterised in thaéxgie of the bearing plates
comprises first and second parallel flexure members (80,
82{ defining an arcuate opening through said bearing
plate, and an arcuate damping member (88) within the
arcuate opening.”“<

10. A rotary actuator for use in a disk drive having a
stationary frame, a magnetic disk mounted with respect
to the frame for rotation relative to the frame, and a
magnetic transducing head for storing data onto the disk
and for retrieving data previously stored on the disk,
for controllably positioning the head with respect to
the disk, said rotary actuator being characterised by a
longitudinally extended actuator shaft (32), and means
(38, 40) for supporting the shaft with respect to the
frame to pivot relative to the frame about a longitu-
dinal pivot axis (30), a transducer support arm means
(34, 52 to 66) integrally mounted to the shaft for
rotation therewith, said transducer support arm means
exténding away from the shaft in a first radial
direction, and at least one magnetic transducing head
(36) mounted to the support arm means at an end portion
thereocf remote from the shaft, for travel in an arcuate
path as the shaft rotates, a permanent magnet means
(112; 114) mounted to the frame in spaced apart relation
to the shaft, said magnet means having a convex magnet
face directed towards the shaft and curved about the
pivot axis, a coil support means (100) integrally
mounted to the shaft and extended away from the shaft in
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a |l ow carbon steel, and acts as a spacer to nmaintain the separation between
the bearing plates. The head arm assenbly 28 includes a plurality of 15
t he transducer support arnms 52 to 66 along with the - -top—arm 34, al

|ntegral with the actuator shaft 32 and thus rotatabl as the
shaft pivots. In Figure 3, the head arm assenbl y““?“ ﬁwﬁﬁmﬂﬂm
16

a second radial direction, and an electrically
conductive voice coil (108) mounted to the coil support
means for arcuate travel about the pivot axis as the
actuator shaft pivots, said voice coil having a
uniform thickness radially and being disposed radially
inwardly of the magnet face, said coil being curved
about the pivot axis to conform to the curvature of the
magnet face, and haVing a longitudinal dimension and a
width dimension, each at least five times the
thiﬁkness. '

\
This Sheet

i —

Date: 10 ocr 1936



fromthe remai nder of the actuator assenbly 24, to 20 reveal a pole

pi ece support bracket 68 which cooperates with the bracket 42 in
determning the | ocation a pole piece 70 situated between the brackets.
Upper and | ower bearings 72 and 74 are supported by the bearing plates 38

and 40, respectively, and 25 support opposite ends of the actuator pivot
shaft 32 to
17
ABSTRACT

ROTARY HEAD ACTUATOR FOR A MAGNETIC DISK
DRIVE DATA STORAGE DEVICE

The invention provides a rotary actuator for use in a disk.
drive comprising a stationary portion (26), including a permanent
magnet (114, 116) having a magnet face (120) extending parallel
to and in an arc about a longitudinal axis and a head arm
assembly (28) mounted for rotation relative to the stationary
portion about the longitudinal axis (30) and comprising at least
one transducer support arm (34, 52 to 66) extending radially of
the 1longitudinal axis and carrying at least one magnetic
transducing head at a location remote from the longitudinal axis.
The head arm assembly includes an electriéally conductive face
(108) having a thickness in a radial direction which 1is
substantially less than its dimensions in the longitudinal and
circumferential directions and arranged to cooperate for rotating
the head arm assembly relative to the stationary portion to

position the magrietic transducing head in use.

Figures 4 and 6
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enabl e shaft rotation. The vertical or |ongitudinal separation of the
bearings 72 and 74 is pre-determned with respect to the actuator shaft

| engt h such that the bearing plate of one of the bearings is at |east 30
slightly elastically defornmed when the shaft 32 is supported between the
pl ates. Biasing springs 84 and 86 provide the main axial bearing pre-|oad.
Thus, the.
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bearings provide a restoring force which secures the actuator shaft
posi tion. 9 Races of the bearings 72 and 74 are fixed. This,

100
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I n conbination with the sinultaneous use of al um nium and | ow carbon steel
as noted above, creates a need for thermal conpensation, in particular due
to the different 5 t hermal expansi on coefficients- for alum ni-um(;(‘ad

| ow carbon steel. To this and, an arcuate cut out is fornmed in the be
plate 40 froma side edge 76 to another side edge 78 as indicated by brgken
i nes, :
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form ng upper and | ower parallel flexure nmenbers or |oad 10 beanms 80 and
82. A leaf spring 84 is secured to the bracket 42 and is pre-loaded to
provi de a downward bias to the bearing plate 40 al ong the edge 76.

Li kew se, a leaf spring 86, nounted on the bracket 68, downwardly bhiases .
the bearing plate along the edge 78. In 15 conbi nation, the | eaf
springs 84 and 86 together with -4-

Fig. 5
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the | ead beans 80 and 82 conpensate for the thermal m s- match, and inpart
excel l ent thermal performance charac- teristics to the rotary actuator. To
overcomnme undesirabl e resonance effects, an 20 ar cuat e danpi ng nenber 88
havi ng an al um nium core 90 surrounded by a visco-elastic danping | ayer 92
Is inserted into the arcuate opening bet wekn the | oad beans

- ROTARY HEAD ACTUATOR FOR A MAGNETIC DISK DRIVE

DATA STORAGE DEVICE

The present invention relates to magnetic disk
drive data storage devices, and more particularly to
rotary actuators employed in such devices for
selectively positioning magnetic transducing heads

10 relative to rotatable disks.

Magnetic disk drive devices generally employ
either linear or rotary actuators to position magnetic
reading and recording heads with respect to rotatable
magnetic disks. Such heads are typically moved at

15 least generally radially of the disks in order to locate
a head proximate a desired track on the disks.
Rotary actuators usually include a shaft mounted
rotatably on the deck or other stationary housing
) portion of the drive, along with an arm or group_of
20 stacked arms connected to the shaft for pivoting with
the shaft. A magnetic tranducing head is mounted at the
end of each arm remote from the shaft,'_and thus is
. carried in an arcuate path as the shaft pivots.
Usually, multiple head support arms are mounted on the
25 shaft in stacked relation, for rotation in concert with
the shaft. )

The prevailing means for controllably pivoting the

head arm assembly is an electric motor including a voice
. coil and permanent magnets. Typically, the voice coil
30 is a flat loop extending perpendicular to the shaft
pivot axis, connected to the shaft for pivoting with
the shaft. The permanent magnets are then integral
with the disk drive housing, positioned in spaced apart
relation to the voice coil and on opposite sides of the
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80 and 82. The head armassenbly is illustrated in Figure 4. 25 The
transducer support arnms 34 and 52 to 66 are substan- tially identical. The
arm 34, for exanple, includes a relatively thin tapered portion 94
extending radially of a relatively thick_base 96. A fastener 98, and a
simlar fastener on the other side and tRus not visible

coil. When electrical current is directed through the wire of the voice coil, a magnetic
field is generated which inter-acts with the magneiic field of the permanent magnets
to provide the force which moves the voice coil and rotates the shatft as well.

This orientation of the voice coil, however, gives rise to a problem in that only
the radially outward portion of the voice coil has a desirably long moment arm, i.e.
distance from the pivot axis. The radially inward portions of the coil have shorter
effective moment arms, and thus provide correspondingly reduced rotational force on
the shaft and head arm assembly. Of course, this difficulty can be counter-acted to
some extent by increasing the size of the voice coil, yet such a “solution” runs
contrary to the continuing trend towards smaller and more compact disk drive
components, including rotaiy actuators. Large voice coils further are a disadvantage
in that they add to the inertia of the shaft and head arm assembly, resulting in a head
arm assembly which cannot be accelerated and decelarated as rapidly as desired, or
conversely require increased power to accelerate and decelerate the assembly.

Another challenge associated with rotary actuators is the desire to employ light
weight materials, e.g. aluminium, to the extent possible further to reduce inertia of the
head arm assembly, as well as reducing overall weight. At the same time, other
necessary structures, e.g. flux carrying bodies constructed of steel, have different
thermal expansion coefficients and thus raise the potential for distortion due to the
varying thermal coefficients of contiguous structures in the actuator.

US-A-4,775,908 discloses a rotating magnetic actuator in which a fixed coil
acts on a ring-shaped flux conducting structure and permanent magnet which are
mounted on the rotating parts of the actuator.

It is an object of the present invention to provide a rotary actuator, in which a
voice coil is located so as to be more effective than in the prior act described above.
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30 s n
100. The
i kew se
shaft 32

the Figure, secure the base 96 to a voice coil carrying frame
arns 52 to 66 simlarly include tapered extensions and bases,
secured to the coil carrying frane. Wth the actuator pivot
positioned between the bases anc:ll3 an upright support

According to the present invention, there is provided a rotary actuator for
controllably positioning a magnetic transducing head with respect to a magnetic disk
rotatably mounted in a disk drive, the rotary actuator comprising a stationary portion,
and a head arm assembly mounted for rotation relative to the stationary portion about
a longitudinal axis, the head arm assembly comprising at least one transducer
support arm extending radially of the longitudinal axis, said at least one transducer
support arm carrying at least one magnetic transducing head at a location remote
from the longitudinal axis, the stationary portion including a permanent magnet and
the head arm assembly including an electrically conductive voice coil arranged so as
to cooperate for rotating the head arm assembly relative to the stationary portion for

_ positioning with respect to the disk said at least one magnetic transducing head in

use, characterised in that the permanent magnet has a magnet face extending
parallel to and in an arc about the logitudinal axis, and the electrically conductive
voice coil defines a longitudinally extending surface, which is curved to conform with
the magnet face, the electrically conductive voice coil having a thickness in the radial

- direction which is substantially less than its dimensions in the longitudinal and

circumferential directions.

Thus, in the present invention, the voice coil is located at a substantially
constant radial separation from the longitudinal axis and so may provide a more
effective rotational force in use than is the case in the prior art.

Further, sirice the thickness of the coil is
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10 portion 102 of the franme, fasteners 98 secure the arns and the frane
integrally to the actuator pivot shaft. Upper and | ower flanges 104 and 106
of the frame 100 extend radially away fromthe shaft 32, in a direction 5
opposite to that of the arm extension, tQus to counter-

substantially less than its other dimensions, rapid
dissipation of heat from the voice coil can be obtained.

The voice coil may also be given a reduced mass
for reduced inertia of the head arm assembly at no

5 reduction in available power to accelerate and
decelerate the head arm assembly.

The'présent invention is applicable to a disk
drive having a stationary frame, a data storage disk
mounted rotatably relative to the frame, a magnetic

10 trahsducing head for storing data onto the disk and for
retrieving data previously stored onto the disk, and a
rotary actuator according to the invention for
controllably positioning the transducing head relative
to the disk.

15 In the preferred embodiment described below, the
rotary actuator includes a longitudinally extending
shaft, and means for rotatably supporting the shaft
with respect to the stationary frame. A plurality of

. transducer support arms are integrally mounted on the

20 ‘shaft for rotation with the shaft, and extend away from
the shaft in a first radial direction. At least one
magnetic transducing head is mounted on each support arm
at an end portion thereof remote from the shaft for
travel in an arcuate path as the shaft rotates. A

25 permanent magnet is fixedly mounted on the stationary
frame and spaced apart from the shaft. The magnet has a

concave Mmagnet face directed towards the shaft and curved
about the longitudinal axis. A coil support is
integrally mounted on the shaft and extends away from

30 the shaft in a second radial direction. An electrically
conductive voice coil is mounted on the coil support for
arcuate travel about the longitudinal axis as the shaft
rotates. The coil has a substantially uniform thickness
in the radial direction, and is curved about the longi-
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bal ance the transducer support arms. A voice coil 108 is secured at its
upper and | ower end portions to the flanges 104 and 106, and thus traverses
an arcuate path when the shaft 32 pivots. Preferably, the entire 10
assenbly including the shaft 32, the arn$, the frame 100 and the voice

coil 108, is constructed of alum nium This reduces the differenti al
t her na

tudinal axis to conform to the curvature of the magnet
face. The coil is diéposed radially inwardly of the
magnet face, and has a longitudinal dimension and a
width, each of which is at least five times its .

5 thickness.

Preferably, the coil is formed from a single
aluminium wire, with the thickness of the coil being
determined by the diameter of the wire. The coil may
have a generally rectangular form, including a pair of

10 opposed longitudinal side portions and a pair of opposed
arcuate end portions, combining to form a thin
rectangular frame.

Because the radial dimension of the coil is deter-
mined by its relatively small thickness, substantially

15 all of the coil has the same moment or lever arm, 1i.e.

| is at the same distance from the pivot axis. This
arrangement enhances the performance of the rotary
actuator in achieving more consistent and reliable
performance, and also in providing the desired level of

20 force to rotate the head arm assembly with a coil
substantially smaller in size as compared with a
conventional coil whose major dimension is in the radial
direction. The smaller coil reduces the inertia of the
assembly for more rapid acceleration and deceleration,

25 leading to reduced time for gaining access to particular
data tracks on disks, lower power requirements, or.
both. This arrangement further requires only about
half the permanent magnet volume required in connection
with a perpendicular or radially disposed coil.

30 In accordance with a further aspect of the
invention, the means for supporting the actuator shaft
include first and second transverse bearing plates
spaced apart from one another, and first and second
bearings supported in the first and second bearing
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expansion of this assenbly, enabling nore accurate |ocation of the

recordi ng heads with respect to the 15 magnetic tracks | ocated on the

di sk. As seen in Figure 5, the voice coil 108 forms a thin, rectangul ar
frame. The voice coil is generally flat, but nore precisely is curved. about
the I ongi- tudinal axis 30. The rectangul ar frame is fornmed of

plates, respectively, for receiving opposite ends of
the shaft. . One of the bearing plates may incorporate a
parallelogram flexure providing means for axially pre-
loading the pair of bearings. This axial pre-load
5 secures the shaft position. The bearing plates may be
secured to substantially rigid spacing means for
maintaining their spaced relationship. Biasing means,
mounted on the spacing means, may then contact the
~ flexible bearing plate and provide a bias to move that
10 plafe longitudinally away from the other.

Preferably, such biasing means comprise a pair of
leaf springs in contact with the flexible bearing plate.
The leaf springs provide a biasing force in a direction
axially pre-loading the bearings away from each other.

15 This cbmpensates for thermal expansion effects if
aluminium is used in the bearing plates contiguous with
pole pieces of a low carbon steel for transfer of
magnetic £lux. This thermal compensation structure
enables the use of fixed races in the bearings for more

20 reliable mounting of the pivot shaft. ' '

To provide the parallelogram flexure, a portion
of the bearing plate contacting the leif springs is cut
away to form parallel flexure means or locad beams.
'Performance is enhanced further by the insertion of

25 damping material between the flexure load beams.

Thus, in accordance with the present invention, a
thin voice coil, with its major dimensions perpendicular
to the radial direction, can be provided in a substan-
tially reduced size and yet still give the same level of

30 force to accelerate and decelerate the head arm
assembly. This thin (rather than bobbin) structure
promotes rapid heat dissipation from the coil. The
reduced size coil lowers the inertia of the head arm
assembly, thus further reducing power requirements.

. heet
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20 ‘mul tiple windings (preferably over one hundred) of an alumniumwre

of rectangul ar cross section. The w ndi ngs thensel ves formthe rectangul ar

frame, there being no core about which the wire is wound, for exanple as in
the well known bobbi n approach. 25 The | ongi tudi nal di nensi on and

the width (or arcuate) dinmension of the voice coil 108 are preferably

The invention is described further, by way of
example, with reference to the accompanying drawings,

in which:- _
Figure 1 is a top plan view of a magnetic disk
5 drive including a rotary actuator constructed in

accordance with the present invention;
Figure 2 is a perspective view of the actuator

assembly;
Figure 3 is a perspective view of the actuator
10 assembly with a pivot shaft and head arm assembly
removed;

Figure 4 is a perspective view of the pivot shaft
and head arm assembly;
Figure 5 is a perspective view of a voice coil of
15 a head arm assembly; and
| Figure 6 is a top plan view of portions of the
actuator assembly.
In Figure 1, there is shown a magnetic disk drive
16 including a deck 18 which is part of a stationary
éo framework or housing for the disk drive. A stack of
magnetic data storage disks, the top one being shown at
20, 1is rotatably mounted relative to the deck through a
spindle 22. Also mounted on the deck 18 is a rotary
actuator assembly 24, including a portion 26 which is
25 fixed to the deck and a head arm assembly 28 which is
movable relative to the deck. More particularly, the
head arm assembly 28 can be pivoted with respect to the
deck about a longitudinal axis 30 of a longitudinal
(i.e. vertical) actuator shaft 32. The head arm
30 assembly includes a stack of multiple transducer support
arms, the top one being shown at 34. A magnetic
transducing head 36 is supported at the free end of the
arm 34, remote from the actuator shaft, whereby the
transducing head 36 traverses an arcuate path as the

- -

L) .

Date: 15 APR 1998



an order of magnitude greater than the coil thickness, and in any event are
at least five tinmes the thickness. As a result, the voice coil 108 can be
consi dered as 30 contained within a thin wall of a circular upright
cylinder, concentric with the axis 30, w the monment or |ever armof the

coil being equal to the cylinder radius. Accordingly, virtually the entire
voi ce coi

shaft 32 pivots.

Figure 2 shows the,actuator_assembly 24 removed
from the disk drive. The fixed or stationary portion
of the actuator assembly includes a pair of generally

5 transverse or horizontal bearing plates constructed of
aluminium, in particular an upper bearing plate 38, and
a lower bearing plate 40 secured to the deck 18. An
aluminium pole piece support bracket 42 is secured to
the bearing plates 38 and 40. The bearing plates are

10 also secured to a pole piece 44, e.g. by fasteners 46,
48 and 50. The pole piece is preferably constructed of
a low carbon steel, and acts as a spacer to maintain
the sepatation between the bearing plates.

_ The head arm assembly 28 includes a plurality of

15 the transducer support arms 52 to 66 along with the top
arm 34, all integral with the actuator shaft 32 and
thus rotatable in concert as the shaft pivots.

In Figure 3, the head arm assembly is removed
from the remainder of the actuator assembly 24, to _

20 reveal a pole piece support bracket 68 which cooperates
with the bracket 42 in determining the locatiopn-of a
pole piece 70 situated between the braq?ets.

Upper and lower bearings 72 and 74 are supported
by the bearing plates 38 and 40, respectively, and

25 support opposite ends of the actuator pivot shaft 32 to
enable shaft rotation. The vertical or ;ongitudinal
separation of the bearings 72 and 74 is pre-determined
with respect to the actuator shaft length such that the
bearing plate of one of the bearings is at least

30 slightly elastically deformed when the shaft 32 is
supported between the plates. Biasing springs 84 and 86
provide the main axial bearing pre-load. Thus, the
bearings provide a restoring force which secures the
actuator shaft position.
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has the same nonment or lever arm Wth the wire winding  alone formng
the coil (no core), the voice coil 108 can be as thin as the wre

di mrensi ons, and have |ongi- tudinal and arcuate dinmensions determ ned by
t he nunber 9

Races of the bearings 72 and 74 are fixed. This,
in combination with the simultaneous use of aluminium
and low carbon steel as noted above, creates a need for
thermal compensation, in particular due to the different

5 thermal expansion cgefficients - for aluminium and low
carbon steel. To this and, an arcuate cut out is
formed in the bearing plate 40 from a side edge 76 to
another side edge 78 as indicated by broken lines,
forming upper and lower parallel flexure members or load

10 beaﬁs 80 and 82. A leaf spring 84 is secured to the
bracket 42 and is pre-loaded to provide a downward bias
to the bearing plate 40 along the edge 76. Likewise, a
leaf spring 86, mounted on the bracket 68, downwardly
biases the bearing plate along the edge 78. 1In

15 combination, the leaf springs 84 and 86 together with
the load beams 80 and 82 compensate for the thermal mis-
match, and impart excellent thermal performance charac-
teristics to the rotary actuator.

To overcome undesirable resonance effects, an

20 arcuate damping member 88 having an aluminium core 90
surrounded by a visco-elastic damping layer 92 is
inserted into the arcuate opening between the load beams

80 and 82. |
The head arm assembly is illustrated in Figure 4.
25 The transducer support arms 34 and 52 to 66 are substan-

tially identical. The arm 34, £for example, includes a
relatively thin tapered portion 94 extending radially ‘of
a relatively thick base 96. A fastener 98, and a
similar fastener on the other side and thus not visible
30 in the Figure, secure the base 96 to a voice coil
carrying frame 100. The arms 52 to 66 similarly include
tapered extensions and bases, likewise secured to the
coil carrying frame. With the actuator pivot shaft 32
positioned .between the bases and an upright support

em——
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of turns. 5 As seen in Figure 6, the pole piece 44 includes a
radially inner surface 110 curved about the axis 30. A permanent nagnet
assenbly 112, including magnets 114 and 116, is secured to the pole piece
44. Magnets 114 and 116 are arcuate, and curved about the pivot axis 10
and thus conformto the surface 110 of thé9 pol e pi ece

portion 102 of the frame, fasteners 98 secure the arms
and the frame integrally to the actuator pivot shaft.
Upper and lower flanges 104 and 106 of the frame 100
extend radially away from the shaft 32, in a direction

5 opposite to that of the arm extension, thus to counter-
balance the transducer support arms. A voice coil 108
is secured at its upper and lower end portions to the
flangés 104 and 106, and thus traverses an arcuate path
when the shaft 32 pivots. Preferably, the entire

10 assémbly including the shaft 32, the arms, the frame
100 and the voice coil 108, is constructed of
aluminium. This reduces the differential thermal
expansion of this assembly, enabling more accurate
location of the recording heads with respect to the

15  magnetic tracks located on the disk.

As seen in Figure 5, the voice coil 108 forms a
thin, rectangular frame. The voice coil is generally
flat, but more precisely is curved.about the longi-

) tudinal axis 30. The rectangular frame is formed of

20 multiple windings (preferably over one hundred) of an
aluminium wire of rectangular cross section. The
windings themselves form the rectangul;; frame, there
being no ccre about which the wire is wound, for example
as in the well known bobbin approach.

25 The longitudinal dimension and the wxdth (or
arcuate) dimension of the voice coil 108 are preferably
an order of magnitude greater than the coil thickness,
and in any event are at least five times the thickness.
As a result, the voice coil 108 can be considered as

30 contained within a thin wall of a circular upright
cylinder, concentric with the axis 30, with the moment
or lever arm of the coil being equal to the cylinder
radius. Accordingly, virtually the entire voice coil
has the same moment or lever arm. With the wire winding
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44, This facilitates nounting of the magnets 114 and 116 to the pole piece,
with radially outer faces of the nmagnets contiguous with the surface 110. A
radially inner surface 120 of the magnet assenbly |likewi se is 15 curved

- about the pivot axis. The pole piece 70, igfving as a radially inner pole
piece, is fixed with respect to the deck

alone forming the coil (no core), the voice coil 108
can be as thin as the wire dimensions, and have longi-
tudinal and arcuate dimensions determined by the number
of turns.

5 As seen in Figure 6, the pole piece 44 incluges a
radially inner surface 110 curved about the axis 30. A
permanent magnet assembly 112, including magnets 114
and 116, is secured to the pole piece 44. Magnets 114
and 116 are arcuate, and curved about the pivot axis

10 and thus conform to the surface 110 of the pole piece
44. This facilitates mounting of the magnets 114 and
116 to the pole piece, with radially outer faces of the
magnets contiguous with the surface 110. A radially
inner surface 120 of the magnet assembly likewise is

15 curved about the pivot axis.

The pole piece 70, serving as a radially inner
pole piece, is fixed with respect to the deck 18,
situated between and spaced apart from the flanges 104
and 106 to permit movement of the head arm assembly.

20 More particularly, £fasteners as indicated at 122 and.
124 secure the pole piece 70 to brackets 42 and 68. A
radially outer surface 126 of the pole piece 70 is
curved about the longitudinal axis, and thus

cooperates with the surface 120 of the magnet assembly 112

25 to form an arcuate, longitudinal air gap 128 between
the magnet and the radially inner pole piece. The coil
108 is situated within the air gap 128, preferably
being radially centered.

The rotary actuator 24 functions in a well known

30 manner. When electric current is supplied to the voice
coil 108, a magnetic field is generated about the voice
coil that inter-acts with the magnetic field about the
permanent magnet assembly 112. The force of the inter-
acting magnetic fields moves the voice coil 108 relative
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situat.ed between and spaced apart fromthe flanges 104 and 106 to permt -
novenment of the head arm assenbly. 20 More particularly, fasteners as
indi cated at 122 and 124 secure the pole piece 70 to brackets 42 and 68. A
radially outer surface 126 of the pole plffe 70 is curved about the

| ongi tudi nal axis, and thus cooperates wth the surface 120 of the nagnet
assenbly 112 :

to the permanent magnet assembly, thus to pivot the
shaft 32 and the head arm assembly, which in turn moves’
the magnetic transducing head 36 and the remaining heads
in arcuate paths. Thus, each of the transducing heads
5 is movable generally radially of an associated one of
the magnetic disks, which, in combination with disk
rotation, enables the selected head positioning
necessary for recording and retrieving data.
As compared with a conventional horizontal voice
10 coii orientation, the vertical flat coil substantially
reduces the time required for acceleration and
deceleration of the head arm assembly through reduced
actuator inertia, requires less power, and substan-
tially reduces voice coil temperature due to markedly
15 improved heat dissipation. This approach has been
found to reduce the required permanent magnet volume by
nearly fifty percent. Further reduction in inertia
results from the use of aluminium throughout the head
assembly and for much of the remainder of the actuator
20 assembly. Fixed race ball bearings can be employed to
secure the pivot shaft, in spite of the different
materials involved, due to the leaf sgrings and
parallel load beams, which compensate for differences
in thermal expansion coc-efficients.

25
30
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25 to forman arcuate, longitudinal air gap 128 between the magnet and
the radially inner pole piece. The coil 108 is situated within the air gap
128, preferably being radially centered. The rotary actuator 24 functions
ina well known 30 manner. Wien electric current is supplied to the

voice coil 108, a magnetic field is generated about the voice-

’ AT

CLAIMS

1. A rotary actuator for controllably positioning a magnetic transducing head with
respect to a magnetic disk rotatably mounted in a disk drive, the rotary actuator
comprising a stationary portion (26), and a head arm assembly (28) mounted for
rotation relative to the stationary portion about a longitudinal axis (30), the head arm
assembly comprising at least one transducer support arm (34, 52 to 66) extending
radially of the longitudinal axis, said at least one transducer support arm'carrying at
least one magnetic transducing head (36) at a location remote from the longitudinal
axis, the stationary portion including a permanent magnet (114, 116) and the head
arm assembly including an electrically conductive voice coil (108) arranged so as to
cooperate for rotating the head arm assembly relative to the stationary portion for
positioning with respect to the disk said at least one magnetic transducing head in
use, characterised in that the permanent magnet has a magnet face (120) extending
parallel to and in an arc about the longitudinal axis, and the electrically conductive
voice coil defines a longitudinally extending surface, which is curved to conform with
the magnet face, the electrically conductive voice coil having a thickness in the radial
direction which is substantially less than its dimensions in the longitudinal and
circumferential directions.

2. A rotary actuator according to claim 1 characterised in that the dimensions of
the electrically conductive voice coil (108) in the longitudinal and circumferential
directions are each at least five times its thickness.

3. A rotary actuator according to claim 1 or 2 characterised in that the
dimensions of the electrically conductive voice coil (108) in the longitudinal and
circumferential directions are each at least an order of magnitude greater than its
thickness.
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coil that inter-acts with the magnet ic field about the permanent magnet
assenbly 112. The. force of the inter- acting nagnetlc fields noves the

Hll!lll Iﬂlﬂ lllﬂ Illll II llll

4. A rotary actuator according to any of claims 1 to 3 characterised in that the
electrically conductive voice coil (108) has a generally rectangular form.

5. A rotary actuator according to any of claims 1 to 4 characterised in that the
electrically conductive voice coil (108) is formed from a single wire having a
rectangular cross section, and in that the thickness of the electrically conductive voice
coil is determined by the cross section of the wire and its dimensions in the
longitudinal and circumferential directions are determined by the number of turns of
the wire.

6. A rotary actuator according to any preceding claim characterised in that the
stationary portion (26) further includes first and second magnetic flux conducting
bodies (44, 70), one (44) of which carries the permanent magnet (114, 116) and the
other (70) of which defines with the permanent magnet an arcuate air gap (128).
receiving the electrically conductive voice coil (108).

7. A rotary. actuator according to any preceding claim characterised in that the
head arm assembly comprises a pivot shaft (32) and in that the stationary portion (26)
comprises means (38, 40, 72, 74) for rotatably supporting the pivot shaft, the
supporting means including first and second longitudinally spaced bearing plates (38,
40) and first and second bearings (72, 74) supported by the first and second bearing
plates, respectively, one of the bearing plates being elastically deformed in a direction
away from the other of the bearing plates to provide a restoring force for locating the
pivot shaft.

8. A rotary actuator according to claim 7 characterised in that the head arm
assembly further comprises biasing means (84, 86) for biasing at least one of the

bearing plates in a direction away from the other of the bearing plates.
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to the permanent magnet assenbly, thus to pivot the shaft 32 and the head
arm assenbly, whi ch in turn noves the magnetic transduci ng head 36 and the
remai ni ng heads in arcuate paths. Thus, each of the transducing-heads 5

is nmovabl e generally radially of an aSSOCIated one of the
whi ch, in conbination wth disk rotation, enables th m‘mﬁm‘m m
posi t i oni ng 15

9. A rotary actuator according to claim 7 or 8 characterised in that one of the
bearing plates comprises first and second parallel flexure members (80, 82) defining
an arcuate opening about the bearing axis and through said bearing plate, and an
arcuate damping member (88) within said arcuate opening.

10.  Adisk drive comprising a rotary actuator having a stationary frame (26), a
maghnetic disk (20) mounted with respect to the frame for rotation relative to the frame,
and a magnetic transducing head (36) for storing data onto the disk and for retrieving
data previously stored on the disk, for controllably positioning the head (36) with
respect to the disk, said rotary actuator having a longitudinally extended actuator
shaft (32), and means (38, 40) for sdpporting the shaft with respect to the frame to
pivot relative to the frame about a longitudinal pivot axis (30), a transducer support
arm means (34, 52 to 66) integrally mounted to the shaft for rotation therewith, said
transducer support arm means extending away from the shaft in a first radial
direction, and at least one magnetic transducing head (36) mounted to the support
arm means at an end portion thereof remote from the shatft, for travel in an arcuate
path as the shaft rotates, a permanent magnet means (112, 114) mounted to the
frame in spaced apart relation to the shaft, characterised in that said magnet means
have a concave magnet face directed towards the shaft and curved about the pivot
axis, a coil support means (100) integrally mounted to the shaft and extended away
from the shatft in a second radial direction, and an electrically conductive voice coil
(108) mounted to the coil support means for arcuate travel about the pivot axis as the
actuator shaft pivots, said voice coil having a uniform thickness radially and being
disposed radially inwardly of the magnet face, said coil being curved about the pivot
axis to conform to the curvature of the magnet face, and having a longitudinal

dimension and a width dimension, each at least five time the thickness.
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necessary.for recording and retrieving data. As conpared with a
conventional hérizdntal voice 10 coil orientation, the vertical flat
coil substantially reduces the time required for acceleration and

decel eration of the head arm assenbly through reduced actuator inertia,.
requires | ess power, and substan- tiallyéreduces voice coil tenperature

due to markedly ABSTRACT

ROTARY HEAD ACTUATOR FOR A MAGNETIC
DISK DRIVE DATA STORAGE DEVICE
The present invention provides a rotary actuator
5 for use in a disk drive having a stationary frame, a
magnetic disk mounted with respect to the frame for
‘rotation relative to the frame and a magnetic
transducing head for storing data onto the disk and
retrieving data previously stored on the disk, the
10 rofary actuator serving for controllably positioning the
head with respect to the disk.
The rotary actuator in accordance with the
invention comprises a stationary portion (26), and a
head arm assembly (28) mounted for rotation relative to
15 the stationary portion about a longitudinal axis (30).
The head arm assembly comprises at least one transducer
support arm {34, 52 to 66) extending radially of the
longitudinal axis and carrying at least one magnetic
transducing head (36) at a location remote from the
20 longitudinal axis. The stationary portion includes a
permanent magnet (114, 116) and the head arm assembly
includes an electrically conductive voice coil (108)
. arranged so as to co-operate for rotating the head arm
assembly relative to the stationary portion for
25 positioning said at least one magnetic transducing head
in use. The pérmanent magnet has a magnet face (120)
extending generally parallel to the longitudinal axis
and in an arc about the longitudinal axis, and the
electrically conductive voice coil defines a longitu-
30 dinally extending surface, which is curved to conform
with the magnet face, the electrically conductive voice
coil having a thickness in the radial direction which is
substantially less than its dimensions in the longitu-
dinal and circumferential directions.

[Figures 4 and 6]
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15 inproved heat dissipation. Thi s approach has been found to reduce
the required permarient magnet volume by nearly fifty percent. Further
reduction in inertia results fromthe use of al um niumthroughout the head
assenbly and for nuch of the remainder of the actuator 20 assenbl y.

Fi xed race ball bearings can be enployed to secure the pivot- shaft, in
spite of the different

1
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mat eri‘als involved, due to the leaf springs and parallel |oad beans, which
conpensdte foridifferences in thernmal expansion co-efficients. 25 30
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CLAI MS 1. A rotary actuator for controllably positioning a magnetic
transduci ng head wi'th respect to a magnetic disk rotatably nounted in a
disk drive, the rotary actuator conprising a stationary portion (26), and a
head arm assenbly (28) nounted for rotation relative to the stationary
portion about a |ongitudinal axis (30), the head arm assenbly conprising at
| east one transducer support arm (34, 52 td 66) extending

-
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radially of the longitudinal axis, said at |east one transducer support arm

carrying at |east one magneti c transtC|ng head (36) at a | ocation renote
fromthe longitudinal axis, the stationary portion including a permnent
magnet (1 14, 116) and the head arm assenbly including an electrically
conductive voice coil (108) arranged sogs to cooperate for rotating the
head arm assenbly relative to the stationary portion for positioning with
respect to the disk said at | east one magnetic transduci ng head in use,
characterised in that the permanent magnet has a magnet face (120)

ext endi ng . -
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parallel to and in an arc about the longitudinal axis, and the electrically
conductive voice coil defines a |longitudinally extending surface, which is
curved to conformwith the nagnet face, the electrically conductive voice
coil having a thickness in the radial direction which is substantially |ess
than its dinensions in the longitudinal gnd circunferential directions. 2.
A rotary actuator according to claim1l characterised in that the dinensions

of the electrically conductive voice coil (108) in the |ongitudinal and

circunferential, .\RY HEAD ACTUATOR FOR A MAGNETIC DISE DRIVE

" DATA STORAGE DEVICE

The present invention relates to magnetic disk
drive data storage devices, and more particularly to
rotary actuators employed in such devices for |
selectively positioning magnetic transducing heads

10 relative to rotatable disks.

Magnetic disk drive devices generally employ
‘either linear or rotary actuators to position magnetic
reading and recording heads with respect to rotatable
magnetic disks. " Such heads are typically moved at

15 least generally radially of the disks in order to locate
a head proximate a desired track on the disks.

Rotary actuators usually include a shaft mounted
rotatably on the deck or other stationary housing
portion of the drive, along with an arm or group of

éo stacked arms connected to the shaft for pivot;ng with
the shaft. A magnetic tranducing head is mounted at the
end of each arm remote from the shaft, _and thus is
. carried in an arcuate path as the shaft pivots.

r ' Usually, multiple head support arms are mounted on the
) 25 shaft in stacked relation, for rotation in concert with
-the shaft.

The prevailing means for controllably pivoting the
head arm assembly is an electric motor including a voice
coil and permanent magnets. Typically, the voice coil

30 is a flat loop extending perpendicular to the shaft
| pivot axis, connected to the shaft for pivoting with
the shaft. The permanent magnets are then integral
with the disk drive housing, positioned in spaced apart
relation to the voice coil and on opposite sides of the
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directions are each at least five tines its thickness. 3. A rotary
actuator according to claiml or 2 characterised in that the di mensions of
the electrically conductive voice coil (108) in the |ongitudinal and
circunferential directions are each at |east an order of magnitude greater
than its thickness. 2

coil. When electrical current is directed through the wire of the voice coil, a magnetic
field is generated which inter-acts with the magnetic field of the permanent magnets
to provide the force which moves the voice coil and rotates the shaft as well.

This orientation of the voice coil, however, gives rise to a problem in that only
the radially outward portion of the voice coil has a desirably long moment arm, ie.
distance from the pivot axis. The radially inward portions of the coil have shorter
effective moment arms, and thus provide correspondingly reduced rotational force on
the shaft and head arm assembly. Of course, this difficulty can be counter-acted to
some extent by increasing the size of the voice coil, yet such a “solution” runs
contrary to the continuing trend towards smaller and more compact disk drive
components, including rotary actuators. Large voice coils further are a disadvantage
in that they add to the inertia of the shaft and head arm assembly, resulting in a head
arm assembly which cannot be accelerated and decelarated as rapidly as desired, or
conversely require increased power to accelerate and decelerate the assembly.

Another challenge associated with rotary actuators is the desire to employ light
weight materials, e.g. aluminium, to the extent possible further to reduce inertia of the
head arm assembly, as well as reducing overall weight. Atthe same time, other
necessary structures, e.g. flux carrying bodies constructed of steel, have different
thermal expansion coefficients and thus raise the potential for distortion due to the
varying thermal coefficients of contiguous structures in the actuator.

US-A-4,775,908 discloses a rotating magnetic actuator in which a fixed coil
acts on a ring-shaped flux conducting structure and permanent magnet which are
mounted on the rotating parts of the actuator.

It is an object of the present invention to provide a rotary actuator, in which a
voice coil is located so as to be more effective than in the prior act described above.
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14 4. A rotary actuator according to any of clainms 1 to 3 characterised
in that the electrically conductive voice coil (108) has a generally
rectangular form 5. A rotary actuator according to any of clains 1 to 4
characterised in that the electrically conductive voice coil (108) is
formed froma single wire having a recta®gular cross section, and in that
the thickness of the electrically conductive voice

According to the present invention, there is provided a rotary actuator for
controllably positioning a magnetic transducing head with respect to a magnetic disk
rotatably mounted in a disk drive, the rotary actuator comprising a stationary portion,
and a head arm assembly mounted for rotation relative to the stationary portion about
a longitudinal axis, the head arm assembly comprising at least one transducer
suppbrt arm extending radially of the longitudinal axis, said at least one transducer
support arm carrying at least one magnetic transducing head at a location remote
from the longitudinal axis, the stationary portion including a permanent magnet and
the head arm assembly including an electrically conductive voice coil arranged so as
to cooperate for rotating the head arm assembly relative to the stationary portion for
positioriing with respect to the disk said at Ieaét one magnetic transducing head in
use, characterised in that the permanent magnet has a magnet face extending
paralle! to and in an arc about the logitudinal axis, and the electrically conductive
voice coil defines a longitudinally extending surface, which is curved to conform with
the magnet face, the electrically conductive voice coil having a thickness in the radial
direction which is substantially less than its dimensions in the longitudinal and
circumferential directions.

Thus, in the present invention, the voice coil is located at a substantially
constant radial separation from the longitudinal axis and so may provide a more
effective rotational force in use than is the case in the prior art.

Further, since the thickness of the coil is
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coil is determned by the cross section of the wire and its dinensions in
the longitudinal and circunferential directions are determ ned by the
nunber of turns of the wire. 6. A rotary actuator according to any
preceding claimcharacterised in that the stationary portion (26) further

i ncludes first and second nmagnetic flux é4onducting bodies (44, 70), one
(44) of which carries the permanent magnet (114, 116) and the other (70) of

whi ch defines with the pernmanent magnet an arcuate air Q%P (128
substantially less than its other dimensions, ra id

dissipation of heat from the voice coil can be obtained.

The voice coil may also be given a reduced mass
for reduced inertia of the head arm assembly at no

5 reduction in available power to accelerate and
decelerate the head arm assembly.

The present invention is applicable to a disk
drive having a stationary frame, a data storage disk
mounted rotatably relative to the frame, a magnetic

10 trahsducing head for storing data onto the disk and for
retrieving data previously stored onto the disk, and a
rotary actuator according to the invention for
controllably positioning the transducing head relative
to the disk.

15 In the preferred embodiment described below, the
rotary actuator includes a longitudinally extending
shaft, and means for rotatably supporting the shaft
with respect to the stationary frame. A plurality of

) transducer support arms are integrally mounted on the

20 shaft for rotation with the shaft, and extend away from
the shaft in a first radial direction. At least one
magnetic transducing head is mounted on each support arm
at an end portion thereof remote from the shaft for
travel in an arcuate path as the shaft rotates. A

25 permanent magnet is fixedly mounted on the stationary

frame and spaced apart from the shaft. The magnet has a
concave magnet face directed towards the shaft and curved
about the longitudinal axis. A coil support is
integrally mounted on the shaft and extends away from
the shaft in a second radial direction. An electrically
conductive voice coil is mounted on the coil support for
arcuate travel about the longitudinal axis as the shaft
rotates. The coil has a substantially uniform thickness
in the radial direction, and is curved about the longi-

S~
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receiving the electrically conductive voice coil (108). 7. A rotary
actuator according to any preceding claimcharacterised in that the head
arm assenbly conprises a pivot shaft (32) and in that the stationary
portion (26) conprises neans (38, 40, 72, 74) for rotatably supporting the
pi vot shaft, the supporting neans includfng first and second | ongitudinally
spaced bearing plates (38, 40) and first and second bearings (72, 74)

bear i ng. pl ot EuaBBAG SR ok SARFRR O hebhPrCU ARy O et dmagiiée ol Lhe
face. The coil is disposed radially inwardly of the
' magnet face, and has a longitudinal dimension and a
width, each of which is at least five times its

5 thickness. :

Preferably, the coil is formed from a single
aluminium wire, with the thickness of the coil being
determined by the diameter of the wire. The coil may
have a generally rectangular form, including a pair of

10 opﬁbsed longitudinal side portions and a pair of opposed
arcuate end portions, combining to form a thin
rectangular frame. .

Because the radial dimension of the coil is deter-
mined by its rélatively small thickness, substantially

15  all of the coil has the same moment oI lever arm, i.e.
is at the same distance from the pivot axis. This
arrangement enhances the performance_of the rotary
actuator in achieving more consistent and reliable
performance, and also in providing the desired level of

20 force to rotate the head arm assembly with a coil
substantially smaller in size as compared with a
conventional coil whose major dimension is in the radial
direction. The smaller coil reduces the inertia of the
assembly for more rapid acceleration and deceleration,

25 leading to reduced time for gaining access to particular
data tracks on disks, lower power rquirements, or
both. This arrangement further requires only about
half the permanent magnet volume required in connection
with a perpendicular or radially disposed coil.

30 In accordance with a further aspect of.the
invention, the means for supporting the actuator shaft
include first and second transverse bearing plates
spaced apart from one another, and first and second
bearings supported in the first and second bearing
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away fromthe other of the bearing plates to provide a restoring force for

| ocati'ng the pivot shaft. 8. A rotary actuator according to claim?7
characterised in that the head arm assenbly further conprises biasing nmeans
(84, 86) for biasing at | east one of the bearing plates in a direction away
fromthe other of the bearing plates. 6

10

15

20

25

30

plates, respectively, for receiving opposite ends of
the shaft. . One of the bearing plates may incorporate a
parallelogram flexure providing means for axially pre-
loading the pair of bearings. This axial pre-load
secures the shaft position. The bearing plates may be
secured to substantially rigid spacing means for
maintaining their spaced relationship. Biasing means,
mounted on the spacing means, may then contact the
flexible bearing plate and provide a bias to move that
plafe longitudinally away from the other.

Preferably, such biasing means comprise a pair of
leaf springs in contact with the flexible bearing plate.
The leaf springs provide a biasing force in a direction
axially pre-loading the bearings away from each other.
This compensates for thermal expansion effects if
aluminium is used in the bearing plates contiguous with
pole pieces of a low carbon steel for transfer of
magnetic flux. This thermal compensation structure
enables the use of fixed races in the bearings for more
reliable mounting of the pivot shaft. ' '

To provide the parallelogram flexure, a portion
of the bearing plate contacting the leaf springs is cut
away to form parallel flexure means or load beams.
Performance is enhanced further by the insertion of
damping material between the flexure load beams.

Thus, in accordance with the present invention, a
thin voiée coil, with its major dimensions perpendicular
to the radial direction, can be provided in a substan-
tially reduced size and yet still give the same level of
force to accelerate and decelerate the head arm
assembly. This thin (rather than bobbin) structure
promotes rapid heat dissipation from the coil. The
reduced size coil lowers the inertia of the head arm
assembly, thus further reducing power requirements.
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15 9. A rotary actuator according to claim7 or 8 characterised in that
one of the bearing plates conprises first and second parallel flexure
menbers (80, 82) defining an arcuate openi ng about the bearing axis and
through said bearing plate, and an arcuate danpi ng nmenber (88) within said

arcuate opening. 10. A disk drive conpriking a rotary actuator having a
stationary franme (26), a

The invention is described further, by way of
example, with reference to the accompanying drawings,

in which:-
Figure 1 is a top plan view of a magnetic disk
5 drive including a rotary actuator constructed in

accordance with the present invention;
Figure 2 is a perspective view of the actuator

assembly;
Figure 3 is a perspective view of the actuator
10 aséémbly with a pivot shaft and head arm assembly
removed;

Figure 4 is a perspective view of the pivot shaft
and head arm assembly;
Figure 5 is a perspective view of a voice coil of
15 a head arm assembly; and
Figure 6 is a top plan view of portions of the
actuator assembly.
In Figure 1, there is shown a magnetic disk drive
16 including a deck 18 which is part of a stationary
éo framework or housing for the disk drive. A stack of
magnetic data storage disks, the top one being shown at
20, is rotatably mounted relative to the deck through a
- spindle 22. Also mounted on the deck 18 is a rotary
actuator assembly 24, including a portion 26 which is
25 fixed to the deck and a head arm assembly 28 which is
movable relative to the deck. More particularly, the
head arm assembly 28 can be pivoted with respect to the
deck about a longitudinal axis 30 of a longitudinal
(i.e. vertical) actuator shaft 32. The head arm
assembly includes a stack of multiple transducer support
arms, the top one being shown at 34. A magnetic
transducing head 36 is supported at the free end of the
arm 34, remote from the actuator shaft, whereby the
transducing head 36 traverses an arcuate path as the

30
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magneti c di sk (20) nmounted with respect to the frame for rotation relative
to the frame, and a nagnetic transducing head (36) for storing data onto
the disk and for retrieving data previously stored on the disk, for
controllably positioning the head (36) with respect-to the disk, said
rotary actuator having a |longitudinally &xtended actuator shaft (32), and
means (38, 40) for supporting the shaft with respect to the frame to pivot
relative to the frane about a |ongitudinal pivot axis (30), a transducer
support arm shaft (3 pBoOL®. 66) integrally nounted to the shaft for

rotation there“”tmrfﬁﬁfh 2 shows the actuator assembly 24 removed
from the disk drive. The fixed or stationary portion
of the actuator assembly includes a pair of generally
5 transverse or horizontal bearing plates constructed of
~ aluminium, in particular an upper bearing plate 38, and
a lower bearing plate 40 secured to the deck 18. An
aluminium pole piece support bracket 42 is secured to
the bearing plates 38 and 40. The bearing plates are
10 also secured to a pole piece 44, e.g. by fasteners 46,
48 and 50. The pole piece is preferably constructed of
a low carbon steel, and acts as a spacer to maintain
the separation between the bearing plates.
The head arm assembly 28 includes a plurality of
15 the transducer support arms 52 to 66 along with the top
arm 34, all integral with the actuator shaft 32 and
thus rotatable in concert as the shaft pivots.
In Figure 3, the head arm assembly is removed
from the remainder of the actuator assembly 24, to
20 reveal a pole piece support bracket 68 which cooperates.
with the bracket 42 in determining the locaticp-of a
pole piece 70 situated between the brackets
Upper and lower bearings 72 and 74 are supported
by the bearing plates 38 and 40, respectively, and
25 support opposite ends of the actuator pivot shaft 32 to
enable shaft rotation. The vertical or 1ongitudina1
separation of the bearings 72 and 74 is pre-determined
with respect to the actuator shaft length such that the
bearing plate of one of the bearings is at least
30 slightly elastically deformed when the shaft 32 is
supported between the plates. Biasing springs 84 and 86
provide the main axial bearing pre-load. Thus, the
bearings provide a restoring force which secures the
actuator shaft position.
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transducer support arm neans extending away fromthe shaft in a first
radial" direction, and at |east one magnetic transduci ng head (36) nounted
to the support arm neans at an end portion thereof renote fromthe shaft,
for travel in an arcuate path as the shaft rotates, a pernmanent magnet
means (112, 114) nmounted to the frane in%paced apart relation to the
shaft, characterised in that said nagnet neans have a concave nmagnet face
directed towards the shaft and curved about the_pivot axis, co&h support
means (100) i ntegr Ragespafit bhet beardngs 12 aﬁﬂﬁe&‘!e‘hﬁ%d%ﬁﬁ%* is,

in combination with the simultaneous use of aluminium
and low carbon steel as noted above, creates a need for
thermal compensaticn, in particular due to the different

5 thermal expansion cgefficients . f£or aluminium and low
carbon steel. To this and, an arcuate cut out is
formed in the bearing plate 40 from a side edge 76 to
another side edge 78 as indicated by broken lines,
forming upper and lower parallel flexure members or load

10 beahs 80 and 82. A leaf spring 84 is secured to the
bracket 42 and is pre-loaded to provide a downward bias
to the bearing plate 40 along the edge 76. Likewise, a
leaf spring 86, mounted on the bracket 68, downwardly
biases the bearing plate along the edge 78. 1In

15 combination, the leaf springs 84 and 86 together with
the load beams 80 and 82 compensate for the thermal mis-
match, and impart excellent thermal performance charac-
teristics to the rotary actuator.

To overcome undesirable resonance effects, an

20 arcuate damping member 88 having an aluminium core 90
surrounded by a visco-elastic damping layer 92 is
inserted into the arcuate opening between the load beams

80 and 82.
The head arm assembly is illustrated in Figure 4.
‘25 The transducer support arms 34 and 52 to 66 are substan-

tially identical. The arm 34, for example, includes a
relatively thin tapered portion 94 extending radially ‘of
a relativély éhick base 96. A fastener 98, and a
similar fastener on the other side and thus not visible
30 in the Figure, secure the base 96 to a voice coil
carrying frame 100. The arms 52 to 66 similarly include
tapered extensions and bases, likewise secured to the
coil carrying frame. Wwith the actuator pivot shaft 32
positioned between the bases and an upright support
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fromthe shaft in a second radial direction, and an electrically conductive
voi ce coil (108) nounted to the coil support neans for arcuate travel about
the pivot axis as the actuator shaft pivots, said voice coil having a

uni form thickness radially and being disposed radially inwardly of the
magnet face, said coil being curved aboufyqgthe pivot axis to conformto the
curvature of the magnet face, and having a | ongitudinal dinension and a

wi dt h di mensi on, each at least five tine the thickness.

portion 102 of the frame, fasteners 98 secure the arms
and the frame integrally to the actuator pivot shaft.
Upper and lower flanges 104 and 106 of the frame 100
extend radially away from the shaft 32, in a direction

5 opposite to that of the arm extension, thus to counter-
balance the transducer support arms. A voice coil 108
is secured at its upper and lower end portions to the
flangés 104 and 106, and thus traverses an arcuate path
when the shaft 32 pivots. Preferably, the entire

10 assémbly including the shaft 32, the arms, the frame
100 and the voice coil 108, is constructed of
aluminium. This reduces the differential thermal
expansion of this assembly, enabling more accurate
location of the recording heads with respect to the

15  magnetic tracks located on the disk.

As seen in Figure 5, the voice coil 108 forms a
thin, rectangular frame. The voice coil is generally
flat, but more precisely is curved.about the longi-

. tudinal axis 30. The rectangular frame is formed of

20 multiple windings (preferably over one hundred) of an

| aluminium wire of rectangular cross section. The
windings themselves form the rectangular frame, there
being no ccre about which the wire is wound, for example
as in the well known bobbin approach.

25 The longitudinal dimension and the width (or
arcuate) dimension of the voice coil 108 are preferably
an order of magnitude greater than the coil thickness,
and in any event are at least five times the thickness.
As a result, the voice coil 108 can be considered as

30 contained within a thin wall of a circular upright
cylinder, concentric with the axis 30, with the moment
or lever arm of the coil being equal to the cylinder
radius. Accordingly, virtually the entire voice coil
has the same moment or lever arm. . With the wire winding
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alone forming the coil (no core), the voice coil 108
can be as thin as the wire dimensions, and have longi-
tudinal and arcuate dimensions determined by the number
of turns.

As seen in Figure 6, the pole piece 44 includes a
radially inner surface 110 curved about the axis 30. A
permanent magnet assembly 112, including magnets 114
and 116, is secured to the pole piece 44. Magnets 114
and 116 are arcuate, and curved about the pivot axis
and thus conform to the surface 110 of the pole piece
44. This facilitates mounting of the magnets 114 and
116 to the pole piece, with radially outer faces of the
magnets contiguous with the surface 110. A radially
inner surface 120 of the magnet assembly likewise is
curved about the pivot axis.

The pole piece 70, serving as a radially inner
pole piece, is fixed with respect to the deck 18,
situated between and spaced apart from the flanges 104
and 106 to permit movement of the head arm assembly.
More particularly, fasteners as indicated at 122 and
124 secure the pole piece 70 to brackets 42 and 68. A
radially outer surface 126 of the pole piece 70 is
curved about the longitudinal axis, and thus

COOPerateS with the surface 120 of the magnet assembly 112

to form an arcuate, longitudinal air gap 128 between
the magnet and the radially inner pole piece. The coil
108 is situated within the air gap 128, preferably

being radially centered.

The rotary actuator 24 functions in a well known
manner. When electric current is supplied to the voice
coil 108, a magnetic field is generated about the voice
coil that inter-acts with the magnetic field about the
permanent magnet assembly 112. The force of the inter-
acting magnetic fields moves the voice coil 108 relative
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to the permanent magnet assembly, thus to pivot the
shaft 32 and the head arm assembly, which in turn moves’
the magnetic transducing head 36 and the remaining heads
in arcuate paths. Thus, each of the transducing heads
is movable generally radially of an associated one of
the magnetic disks, which, in combination with disk
rotation, enables the selected head positioning

E necessary for recording and retrieving data.

. A&s compared with a conventional horizontal voice
coil orientation, the vertical flat coil substantially
reduces the time required for acceleration and
deceleration of the head arm assembly through reduced
actuator inertia, requires less power, and substan-
tially reduces voice coil temperature due to markedly
improved heat dissipation. This approach has been
found to reduce the required permanent magnet volume by
nearly f£ifty percent. Further reduction in inertia
results from the use of aluminium throughout the head -
assembly and for much of the remainder of the actuator
assembly. Fixed race ball bearings can be employed to
secure the pivot shaft, in spite of the different
materials involved, due to the leaf springs and
parallel load beams, which compensate.for differences
in thermal expansion co-efficients.
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CLAIMS

1. A rotary actuator for controllably positioning a magnetic transducing head with
respect to a magnetic disk rotatably mounted in a disk drive, the rotary actuator
comprising a stationary portion (26), and a head arm assembly (28) mounted for
rotation relative to the stationary portion about a longitudinal axis (30), the head arm
aésembly comprising at least one transducer support arm (34, 52 to 66) extending
radially of the longitudinal axis, said at least one transducer support arm carrying at
least one magnetic transducing head (36) at a location remote from the longitudinal
axis, the stationary portion including a permanent magnet (114, 116) and the head
arm assembly including an electrically conductive voice coil (1 08) arranged so as to
cooperate for rotating the head arm assembly relative to the stationary portion for
positioning with respect to the disk said at least one magnetic transducing head in
use, characterised in that the permanent magnet has a magnet face (120) extending
parallel to and in an arc about the longitudinal axis, and the electrically conductive
voice coil defines a longitudinally extending surface, which is curved to conform with
the mégnet face, the electrically conductive voice coil having a thickness in the radial
direction which is substantially less than its dimensions in the longitudinal and

~ circumferential directions.

2. A rotary actuator according to claim 1 characterised in that the dimensions of
the electrically conductive voice coil (108) in the longitudinal and circumferential
directions are each at least five times its thickness.

3. A rotary actuator according to claim 1 or 2 characterised in that the
dimensions of the electrically conductive voice coil (108) in the longitudinal and
circumferential directions are each at least an order of magnitude greater thanits

thickness.
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4, A rotary actuator according to any of claims 1 to 3 characterised in that the
electrically conductive voice coil (108) has a generally rectangular form.

5. A rotary actuator according to any of claims 1 to 4 characterised in that the
electrically conductive voice coil (108) is formed from a single wire having a
rectangular cross section, and in that the thickness of the electrically conductive voice
coil is determined by the cross section of the wire and its dimensions in the
longitudinal and circumferential directions are determined by the number of turns of

the wire.

6. A rotary actuator according to any preceding claim characterised in that the
stationary portion (26) further includes first and second magnetic flux conducting
bodles (44, 70), one (44) of which carries the permanent magnet (114, 116) and the
| other (70) of which defines with the permanent magnet an arcuate air gap (128)
receiving the electrically conductive voice coil (108).

7. A rotary actuator according to any preceding claim characterised in that the
head arm assembly comprises a pivot shaft (32) and in that the stationary portion (26)
comprises means (38, 40, 72, 74) for rotatably supporting the pivot shaft, the
supporting means including first and second longitudinally spaced bearing plates (38,
40) and first and second bearings (72, 74) supported by the first and second bearing
plates, respectively, one of the bearing plates being elastically deformed in a direction
away from the other of the bearing plates to provide a restoring force for locating the

pivot shatft.

8. A rotary actuator according to claim 7 characterlsed in that the head arm
assembly further comprises biasing means (84, 86) for blaslng at least one of the
bearing plates in a direction away from the other of the bearing plates.
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9. A rotary actuator according to claim 7 or 8 characterised in that one of the
bearing plates comprises first and second parallel flexure members (80, 82) defining
an arcuate opening about the bearing axis and through said bearing plate, and an
arcuate damping member (88) within said arcuate opening.

10. A disk drive comprising a rotary actuator having a stationary frame (26), a
magnetic disk (20) mounted with respect to the frame for rotation relative to the frame,
and a magnetic transducing head (36) for storing data onto the disk and for retrieving
data previously stored on the disk, for controllably positioning the head (36) with
respect to the disk, said rotary actuator having a longitudinally extended actuator
shaft (32), and means (38, 40) for supporting the shaft with respect to the frame to
pivot relative to the frame about a longitudinal pivot axis (30), a transducer support
‘arm means (34, 52 to 66) integrally mounted to the shaft for rotation therewith, said
transducer support arm means extending away from the shaftin a first radial
direction, and at least one magnetic transducing head (36) mounted to the support
arm means at an end portion thereof remote from the shatt, for travel in an arcuate
path as the shaft rotates, a permanent magnet means (112, 114) mounted to the
frame in spaced apart relation to the shaft, characterised in that said magnet means

" have a concave magnet face directed towards the shaft and curved about the pivot
axis, a coil support means (100) integrally mounted to the shaft and extended away
from the shaft in a second radial direction, and an electrically conductive voice coil
(108) mounted to the coil support means for arcuate travel about the pivot axis as the
actuator shaft pivots, said voice coil having a uniform thickness radiélly and being
disposed rédiai'ly inwardly of the magnet face, said coil being curved abouf the pivot
axis to conform to the curvature of the magnet face, and having a longitudinal
dimension and a width dimension, each at least five time the thickness.
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ABSTRACT
ROTARY HEAD ACTUATOR FOR A MAGNETIC
DISK DRIVE DATA STORAGE DEVICE

The present invention provides a rotary actuator
for use in a disk drive having a stationary frame, a
magnetic disk mounted with respect to the frame for
rotation relative to the frame and a magnetic
transducing head for storing data onto the disk and
retrieving data previously stored on the disk, the
rofﬁry actuator serving for controllably positioning the
head with respect to the disk.

The rotary actuator in accordance with the
invention comprises a stationary portion (26), and a
head arm assembly (28) mounted for rotation relative to
the stationary portion about a longitudinal axis (30).
The head arm assembly comprises at least one transducer
support arm (34, 52 to 66) extending radially of the
longitudinal axis and carrying at least one magnetic
transducing head (36) at a location remote from the
longitudinal axis. The stationary portion includes a
permanent magnet (114, 116) and the head arm assembly
includes an electrically conductive voice coil (108)

_arranged so as to co-operate for rotating the head arm

assembly relative to the stationary portion for
positioning said at least one magnetic transducing head
in use. The permanent magnet has a magnet face (120)
extending generally parallel to the longitudinal axis
and in an arc about the longitudinal axis, and the
electrically conductive voice coil defines a longitu- -
dinally extending surface, which is. curved to conform
with the magnet face, the electrically conductive voice
coil having a thickness in the radial direction which is
substantially less than its dimensions in the longitu-
dinal and circumferential directions.

[Figures 4 and 6]
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