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BEARING PLATE ARRAN GEMENT FOR SUPPORTING
THE ROTARY ACTUATOR OF A DISK DRIVE

The present invention relates to a bearing pléte arrangement for
supporting the rotary actuator of a disk drive. More particularly, the present
invention relates to a pair of bearing plates for rotatably supporting an actuator -
shaft of a rotary actuator which in use controllably positions at least one
magnetic transducing head, the or each head being disposed at one end of a
respective transducer support arm, and the or each arm at the other end thereof

| being mou_ntéd on the actuator shaft. The present invention also relétes toa
rdtary actuator for controllably positing a magnetic transducing head with .respect
to a magnetic disk rotatably mounted in a disk drive, the rotary actuator
including the aforesaid pair of bearing plates.

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 inclu&e a shaft mounted rotatably on the deck (or
other stﬁtionary housing portion of the drive) by two bearing plate's,. along an
with an arm or group of stacked arms connected to the shaft for pivoting with
the shaft. A magnetic'transducing head is mounted at the end of each arm
remote from the shaft, and thus is carried in an acruate 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 mcludmg a voice coil and permanent magnets. Typically, the

voice c011 is a flat loop extendmg perpendlcular to the shaft pivot axls, connected
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The present invention telates to a bearing plate arrangenment fou _
supporting the rofadntetdal Bdh Répldéd a di sk drive. Mre partic J.ya,,.;n% A
“ablyi i, L
w a rotary actuator which in os® -

present inventio pair of bearing plates for ri

supporting an act q%mjﬂ!ﬂﬁm J —
control l-ably posi t' one magnetic transduci ng head, the or each
head bei ng di sposed at one end of a rei;pect I ve transducer support arm and

the or each armat the other end thereo
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 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 orienfation 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 a.mi, 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 dﬁve components, including rotary actﬁators. 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 decelerated as rapidly as desired, or convérsely 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. alﬁmixlixim, to the extent possible further to reduce
inertia of the head arm asseinbly, as well as reducing overall weight. At the
same time, other necessary structures, e. g. flux carrying bodies constructed of
steel, have differént thermal expénsion coefficients and thus raise the potential
for distortion due to the varying thermal coefficients of contiguous structures in
the actuator. |
According to one aspect of the present invention, there is provided a pair
of bearing plates for rotatably supporting an actuator shaft of a rotary actuator
which in use controllably positions at 1&ast one magnetié transducing head, the or
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bei ng nount ed on—the—actuator shaft. The present invention Qrelates to
a rotary act Uatﬁ,{ sfnggﬂgq;gg,{ a&lal y positing a magnetic tr

wi th respect Y rotatably nmounted in a di @ fd?;\gﬁg_
rotary act uator [ulm

Magnetic disk dri raI |y enploy either linear or rotary

foresal d pair of bearing plares:
actuators to position rra_gnetlc readi ng-:nd recording heads with respect to

each head disposed at one end of a respective transducer support arm, the or
each arm at the ofher end being mounted on said actuator shaft, charécterised in
that one of the bearing plates is elastically deformed in a direction away from the
other of the bearing plates 't.o provide a restoring force for locating the pivot

| shaft.

Such an arrangement of bearing plates may secure the actuator shaft
position.

In the preferred embodiment described below, 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
b&_ring plates, respectively, for receiving opposite ends of the shaft. One of the
bearing plates may incorporate a paré.llelogram flexure providing means for
axially pre-loading the pair of bearings. This axial pre-load secures the shaft
position. The bearing plates niay be secured subsfantially rigid spacing means
for maintaining their spaced relaﬁonship. Biasing mmns; mounted.on the
spacing means, may then cdnba.ct the flexible bw.nng plate and provide a bias to
move that plate 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 p're—loading the bearings away from each other. This
compensates for thermal expansion effects if aluminiurﬁ is used in the bearing
plates contiguous with polé pieces of a low carbon steel for transfer of magnetié
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 springslmay be cut away to form parallel flexure means or.
load beams. Performance may be enhanced further by the insertion of damping
- material between the flexure load beams.



rot at abl e magnetic di sks. Such heads are typically noved at Ieast general ly
radially of the disks in order to locate a head proximate a

en the disks. Rotary actuators usually include a sh f@ t{gr’eg !
rotatably on the deck (or other stationary housing portion a fhe é‘\
by two bearing plates, along an wth an armor group of stacked arns
connected to the shaft for pivoting with

Accqrding to another aspeét of the présent 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
having a head arm assembly comprising a pivot shaft, and. a stationary portion
comprising means for rotaﬁbly supporting the pivot shaft, characterised in that
the supporting means includes first and second longitudinally spaced bearing
plates and first and second bearings supported by the first and second bearing
piates, respectively, one of the bearing plé,tes being elastically deformed in a
direction away from the other of the bmring plates to provide a restoring force
for locaﬁng the pivot shaft.

Preferably, the stationary portion includes a perrhanent magnet, the head
arm assembly includes an electrically conductive voice coil arranged so as to
cooperate for mtaﬁng .the head arm assembly relative to the stationary portioin
for positionihg with respect to the disk é.t least one magnetic transducing head in
use, the permanent magnet has a magnet face extending parallel to and in an arc
about the longitudinal axis, and the electrié_ally 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 leés than its dimension in the longitudinal and
circumferential directions.

Thus, the voice coil may be 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 may be 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 fof reduced inertia of
the head arm assembly at no reduction in available power to accelerate and

decelerate the head arm assembly.
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the shaft. A magnetic transducing head is nounted at the end of each arm

renote fromthe shaft, and thus is carried in an arcuate path
pi vots. Usually, mul t | pl e head support. arnms are mounted on t

stacked relation, for rotation in concert with the shaft.
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prevailing means for controllably pivoting the head arm assenbly 1s— an

el ectric notor including a voice coil gjld per manent nmagnets.

Typi cal |y,

The present inventibr_l may be applicable to a disk drivé having a
stationary frame, a data storage disk mounted rotatably relative to the frame, a
magnetic transducing head for storing data onto the disk and for retrieving data
previously stored onto the disk, and a rotary actuator 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 xixounted 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 and at an end portion thereof remote from
the shaft for travel in an arcuate path as the shaft rotates. A permanent magnet '
is fixedly mounted n the statibnary 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 intégrally mounted on the shaft and
extends away from the shaft in a second radial direction. An electrically
_ .' conductive voice coil is inouhted on the coil support for arcuate travel above the
longitudinal axis as the shaft rotates. The coil has a substantially uniform
thickness in the radial direction, and is curved about the longitudinal axis to
conform to the curvature of the magnet face. The coil is disposed radiaily
inwardly of the magnet face, and has a longitudihal 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 déterrﬁined by the diameter of the wire. The coil may
have a generally rectangular form, including a pair of opposed longitudinal side
portions and a pair of opposed arcuate end portions, ¢ombining to form a thin |
rectangular frame.
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voice coil is a flat |oop extending perpendl cular to the shaft pivot axis,
connect ed - 2-
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Because the radial dimension of the coil is determined by its relatively
small thickness, substa_ntially all of the coil has the sarhe 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 su_b'stantially smaller in size as compai:ed 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 feduced 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 diéposed coil. - _

Thus, a thin voice coil, with is major dimensions perpendicular to the
radial direction, can be provided in a substantially 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 head dissipation f;om the coil.
The reduced size coil lowers the inertia of the head arm assémbly, thus further

reducing power requirements.
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to the shaft for pivoting with the shaft. The pernmanent nagqiis are tmen

i nt egr al with the disk drive housing, positioned in space C}egp@uon
t.o the voice coil and on opposite sides of the coil. Wen ecirycar
current is directed through the wre of the voice coil, a magnetic field

I's generated which inter-acts with the magnetic field of the permanent
magnets to provide the force which nnveé7the voi ce coil and rotates the
shaft as well.

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 maghetic 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 perspectlve 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, 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
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 absout a longitudinal axis 30 of a longitudinal
(i.e. vertical) actuator shaft 32. The head arm
assémbly 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
tranéducing head 36 traverses an arcuate path as the
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This orientation of the voice coil, however, gives rise to a

that only the radially outward portion of the voice coil has zaa&g»\l
l.ong nonment arm i.e. distance fromthe pivot axis. The radi iﬁﬁ #oila
portions of the coil have shorter effective noment arns, and THUS provide
correspondi ngly reduced rotational force on the shaft and head arm
assenmbly. O course, this - difficulty Ean be counter-acted to some extent
by increasing the size of the voice

shaft 32 pivots.

Figure 2 shows the actuator assembly 24 removed
from the disk drive. The fixed or stationary portion e
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. An
‘aluminium pole piece support bracket 42 is secured to
the bearing plates 38 and 40. The bearing plates are
alse secured to a pole piece 44, e.g. by fasteners 46,
48 and 50. The pole piece is preferably constructed of
a low carbon eteel, 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 brackets.

Upper and lower bearings 72 and 74 are supported
'by_the bearing plates 38 and 40, respectively, and
support opposite 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.
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coil, yet such a "solution" runs contrary to the continuing tfre

-smal | er and nore conpact disk drive conponents, including Q@gggf\ pg,\
actuators. Large voice coils further are a disadvantage in E h@} ddi-'

to the inertia of the shaft and head arm assenbly, resulting in a heaa“arJ
assenbl y which cannot be accel erated and9 decel erated as rapidly as -
desired, or conversely require increased power to accelerate and

decel erate the assenbly. - "Anot her chal | enge associated with rotary

actuators is the degdes ' Y Bedd s WPh00ha "PACAES! 21x8a0- - TRIWNI M UM
0 the extent possible tfurther to redute 1nertra of the_head arm assenbly,
as wel |l as rdduGWMPifALian wikhyihe mimpbtanaeusiwge of halumépdylary
structures, el \1dw WLarkyd Wrkk Dol asocoAShbE6Eed eteates! a Rava didif erent
e XA et Dompansaticn, in pareiotlar abe' €5 the G2E£ErahY ' O
due to the pensa ¢ 10l parti
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, likewise secured to the
coil carrying frame. With the actuator pivot shaft 32
positioned between the bases and an upright support |

/
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Qarying thermal coefficients of contiguous structures in the actuator. In
JP-A-1 146173 reflecting the preanble of the independent clalr

probl em of distortion due to varying thermal coefficients, i
off track, is partially addressed for an armfor nounting a nuggsi%gggﬁéd
the arm being rotatably nounted on a shafg. To reduce thermal of

the shaft -is supported by a sleeve nade fromthe sanme material as the

shaft. According to one aspect of the present invention, there is
provided a ppbttabnbea? »F MhY eErdny, r of & Edhyrs upPosécuge abhachmmsor

shaft of aIr%@gL%P%;%% tofﬂﬂ%§j1'fli“%%céﬁ'ré%éégégrpﬁfbéﬁogﬁa§£ | east one

magnetic trahsd
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 rectangular frame, there
being no core about which the wire is #bund, for example
as in the well known bobbin approach.

The longitudinal dimension and the width (dr
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. Accordinély, virtually the entire voice coil
has the same moment or lever arm. With the wire winding
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-3- each head di sposed at one end of a respective transducer
the or each armat the other end being nounted on said actu
characterised in that one of the bearing plates is elastical
.a direction away fromthe :

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 polé 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 lS
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 plece 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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ot her of thé bearing plates to provide a restoring force fo Ing the
pi vot shaft. Such an arrangenent of bearing plate Sj%Aﬁ SQcur e
actuator shaft position. In the preferred enbodi addcyl

bel ow, the nmeans for supporting the actuator shaft include
second transverse bearing plates spaced ppart '

to the permanent magnet assémbly, 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 springs and
parallel load beams, which compensate-for differences
in thermal expansion co-efficients.
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from one anot her, and flrst cond beari ngs supported in the first and
second bearing p y, for receiving opposit of the
.shaft. One of the “ nay incorporate a paralle pr{lexure
provi di ng neans fo Ioadlng the pair of bearin gy'?h axi a
pre-load secures the shaft . position. The bearing plates na&‘ﬁ"§§bured
substantially rigid spacing means fokl3vaintaining their spaced
relatlonshlp Bi asi ng nmeans, nounted on the

CLAIMS

1. A pair of bearing plates (72, 74) for rotatably supporting an actuator
shaft (32) of a rotary actuator which in use controllably positions at least one
magnetic transducing head (36), the or each head disposed at one end of a
respectivg transducer support arm (34, 52 to 66), the or each arm at the other
end being mounted on said actiator shaft, characterised in that one of the
bearing plates is elastically deformed in a direction away from the other of the

bearing plates to provide a restoring force for locating the pivot shaﬁ _

2. A pair of bearing plates as claimed in claim 1, further comprising biasing
means (84, 86) for biasirig at least one of the bearing plates in a direction away

from the other of the bearing plates.

3. A pair of bearing plates as claimed in claim 1 or 2, wherein one 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.

4, A pair of bearing plzites according to claim 3, wherein the arcuate
damping member (88) has an aluminium core (90) surrounded try a visco-elastic

damping layer (92).

5. A pair of bearing plates according to any one of the preceding claims,
~ wherein the bearing plates are constructed of aluminium.

6. A rotary actuator for contmllably positioning a magnetic transducmg _
head (36) with respect to a magnetic disk (20) rotatably mounted in a dlsk drive
(16), the rotary actuator havmg a head arm assembly comprising a pivot shaft

| A




spaC| ng neans, nay then cont: act the flexible bearing plate and provi de a

£4 udi nal Iy away fromthe oth

"bias to m)veT't“ ee
Preferably,
with the erX|

e comprise @ pair of eat sollymyineptee

{
e

in a dlrectlon aX|aIIy pre- Ioad| ng the bearings away from each ot her.

conpensates for thermnal expansi on effggts if alumniumis used in the
bearing. . (32), and a stationary portion comprising means (38, 40, 72, 74) for rotatably |
supporting the pivot shaft, |
characterised in that the supporting means includes 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.

7. A rotary actuator according to claim 6, wherein the first and second
bearing plates (38, 40) are spaced apart such that at least one of the bearing |
plates is elastically deformed by the pivot shaft (32) supported between the
plates.

8. A rotary actuator according to claim 6 or 7, wherein the stationary

portionl includes a permanent magnet (114, 116), the head arm assembly includes |

an electrically conductive voice coil (108) arranged so as to cooperaté_:'for

rotating the head arm assembly relative to the stationa_ry portioin for positioning

with respect to the disk at least one magnetic transducing head in use, the.

permanent magnet has a magnet face (120) extendiﬁg parallel to and in an arc

about the longitudinal axis, and the electricallj 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 .le'ss than its dimension in the longitudinal and

circum_ferential directions.

9. A rotary actuator according to claim 8, wherein the dimensions of the
electrically conductive voice coil (108) in the longitudinal and circumferential

directions are each at least five times its thickness.
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pl ates contiguous with pole pieces of a | ow carbon steel for
magnetic flux. This thermal conpensation structure enables
f4 xed races in the bearings for nore reliable nmounting of t;
To provide the parallelogramflexure, a portion of the bear
contacting the leaf springs may be cut away to formparallel flexure
or | oad beans. Performance may be enh&¥eed further by the insertion of

danpi ng

r ansf er of

10. A rotary actuator according to claim 6, 7, 8 or 9, wherein the bearing
plates (38, 40) are spaced apart by a member (44) having a different thermal
expansion coefficient to that of the bearing plates.
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mat eri al between the flexure | oad beans.
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ABSTRACT

BEARING PLATE ARRANGEMENT FOR SUPPORTING
THE ROTARY ACTUATOR OF A DISK DRIVE

" A pair of bearing plates (72, 74) for rotatably supporting an actuator

shaft (32) of a rotary actuator which in use controllably positions at least one
magnetic transducing h&d (36) are disclosed. The or each magnetic transducing
head is disposed at one end of a respective transducer support arm (34,52 to
66), and the or each arm at the other end thereof is mounted. on the actuator
shaft. One of the bearing plates is elastically deformed in a direction away from |
the other of the bearing plates to provide a restoring force for locating the ﬁivot
shaft. This may secure the actuator shaft position. If the beanng plates are

- spaced apart by a member (44) having a different thermal expansion coeffic1ent
to that of the bearing plates, the arrangement of the pair of bearing plates may

impart excellent thermal performance characteristics to the rotary actuator.

- [Fig. 3]
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Accordi ng to another aspect of the present invention there is provided a
rotary actuator for controllably positioning a magnetic transduci ng head
with respect to a magnetic disk rotatably nmounted in a dlsk?drive,'thz
rotary actuator having a head arm assenbly conprising a pivot-shaft,
stationary portion conprising neans for rotatably sup ' i vot™ .

shaft, the supporting neans includes first and second yeNdinal I'y spaced
bearing plates and first and second bearings supporte tawq?tgfhgﬁ$t.and
second bearing plates, respectively, characterized in that .he

bearing plates being elastically deforned in a direction away fr6n1the

/

ot her of the bearing
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pl ates to provide a restorqg l ocatinng the pivot shaft.

Preferably, the stationar y'm%%héepl[k%%e&1 o 5§ a permanent nagnet, the head

arm assenbly includes an el Euﬂumu”{ ductive voice coil arranged so as

to cooperate for rotating ssenbly relative to the statiohgj
portioin for positioning with respect to the disk atfle 2. magnet i ¢ L}L
transduci ng head in use, the pernmanent nmagnet has a Gf,q.%e.extendi ng
parallel to and inegh rc : . '




‘about the longitudinal axis, and the electrically conductive voice coi
defines a longitudinally extending surface, which i$ curved to confor

W th the magnet face, the electrically conductive voi ~ havi ng @ |,
-thickness in the radial direction which is substanti SQFQgﬁgiﬁuhan
di mrension in the longitudinal and circunferential di [ it [

Thus, the voice coil may be |ocated at a substantially constan

[
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separation fromthe |ongitudinal axis and so may provide a nore effective
rotational force in use than is the case in the prior art. - Furt her

since the thickness of the coil may be substantially less than its other

di mensi ons, rapid dissipation of heat fromthe voice coil can be obta/ g&
The voi ce COI| may al so be given a reduced mass for reduc |the
head arm assenbly at no reduction in available power to a t§$§jﬁ§?\3

ff@ . Fig. 5

108
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GEMENT FOR SUPPORTING

THE ROTARY ACTUATOR OF A DISK DRIVE

The present invention relates to a bearing plate arrangement for

supporting the rotary actuator of a disk drive. More particularly, the present

"invention relates to a pair of bearing plates for rotatably supporting an actuator

shaft of a rotary actuator which in use controllably positions at least one
magnetic transducing head, the or each head being disposed at one end of a.
respective transducer support arm, and the or each arm at the other end thereof
being mounted on the actuator shaft. The present invention-also relates to a
rotary actuator for controllably positing a magnetic transducing head with respect
to a magnetic disk rotatably mounted in a disk drive, the rotary actuator
including the aforesaid pair of b&rixtg plates.

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 statidnary housing portion of the drive) by two bearing plates, along an
with an arm or group of stacked arms connected to the shaft for pivoting with
the shaft. A magnetictransducing head is mounted at the end of each arm
remote from the shaft, and thus is camed in an acruate 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 contrellably pivoting the head arm assembly is
an electric motor mcludmg | v01ce c011 ahd pt:rmanent magnets. Typically, the

voice 0011 is a flat loop extendmg perpendtcular to the shaft pivot axis, connected
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stationary franme, a data storage disk nounted rotatably relative to the. -
frame, a nmgnetic transducing head for storing data onto the disk and for
retrieving data previously stored onto the di sk, andThs ShedtdlayB eale t:éar for
controllably positioning the transducing head relativ

In the preferred enbodi nent descri bed bel ow, the rotar
a longitudinally extending shaft, and m=2ans for rotatably suppo t|

Iudes

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 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, i.e. distance from the ﬁivot axis. The radially inward portions of
the coil have shot'ter 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 acntators. 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 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 possihle further to reduce
inertia of the head arm assembly, as well as reducing oyerall 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.

According to one aspect of the present mventton there is provided a pair
of bmnng&plata for rotatably supportmg an’ actuator shaft of a rotary actuator
which in use controllably positions at least one magnetlc transducing head, the or
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shaft with respect to the stationary frame. A plurality of transducer
support arns are integrally nounted on the shaft for rotation wth the
shaft, and extend away fromthe shaft in a first radi ahis®@hdeCiids BeA-Repthced

| east one magnetic transducing head is nmounted on each d at
an end portion thereof renote from the shaft for travel ﬁmguluamt pat h
as the shaft rotates. A permanent magnet, i s fixedly noun

stationary frane and spaced apart from™the shaft. The

each head disposed at one end of a respective transducer support arm, the or

each arm at the other end being mounted on said actuator shaft, characterised in
that one of the bearing plates is elastically deformed in a direction away frqm the
other of the bearing plates to provide a restoring force for locating the pivot
shaft.

Such an arrangement of bearing plates may secure the actuator shaft
position.

In the preferred embodiment described below, 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 plates, respectively, for receiving opposite ends of the shaft. One of the
bearing plates tﬁay 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 substénﬁally 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 plate 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 may be cut away to form parallel flexure means or
load beams. Performance may be enhanced further by the insertion of damping

material between the flexure load beams.
This is the replacement sheet
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magnet has a concave magnet face directed towards the shaft and curved

-about the longitudinal axis. A coil support is integrally nounted on the
shaft and extends away fromthe shaft in a second radi alThiiShestHasdsen Replaced
electrically conductive voice coil is nmounted on the coi I

arcuate travel above the longitudinal axis as the shaft

has a substantially uniform thickness i,n the radial di rect I on,
curved about the longitudinal axis to =

According to another aspect of 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
having a head arm assembly comprising a pivot shaft, and a stationary portion
comprising means for rotatably supporting the pivot shaft, characterised in that
the supporting means includes first and second longitudinally spaced bearing
plates and first and second bearings 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.

Preferably, the stationary portion includes a permanent magnet, the head
arm assembly includes an electrically conductive voice coil arranged so as to
cooperate for rotating the head arm assembly relative to the stationary portioin
for posmomng with respect to the disk at least one magnetic transducing head in

| use, 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 conforin with the magnet
face, the electrically conductive voice coil having a thickness in the radial
direction which is substantially less than its dimension in the longitudinal and
circumferential directions.

Thus, the voice coil may be 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 may be 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.
This is the replacement sheet
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conformto the curvature of the magnet face. The coil is disposed radially
I nwardly of the magnet face, and has a | ongitudinal dinension and a w dth,
each of which is at least five tines its thickness. Pref erably,
the coil is forned froma single alumniumwire, with the thickness of the
coil being deternmned by the dianmeter of the wire. The coil may have a
general ly rectangular form including acpair of opposed |ongitudinal side
portions and a pairr of opposed arcuate énd portions, conbining to forma

thin The present invention may be applicable to a disk drive having a
stationary frame, a data storage disk mounted rotatably relative to the frame, a
magnetic transducing head for storing data onto the disk and for retrieving data
previously stored onto the disk, and a rotary actuator 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 and at an end portion thereof remote from
the shaft for travel in an arcuate path as the shaft rotates. A permanent magnet
is fixedly mounted n 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 above the
longitudinal axis as the shaft rotates. The coil.has a substantially uniform
thickness in the radial direction, and is curved about the longitudinal 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 opposgd longitudinal side
portions and a pair of opposed arcuate end portions, combining to form a thin
rectangular frame.
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rectangul ar frane. - 6-

3

-6-
Because the radial dimension of the coil is determined by its relatively
| small thickness, substantially all of the coil has the same momént 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
performancé, 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.

Thus, a thin voice coil, with is major dimensions perpendicular to the
radial direction, can be provided in a .subsmntially 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 head 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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Because the radial dinension of the coil is determned by its relatively
smal | thickness, substantially all of the coil has the sanme nonent or |ever
arm i.e. is at the sane distance fromthe pivot axis. This arrangenent
enhances the performance of the rotary actuator in achieving nore
consistent and reliable performance, and also in providing the desired

| evel of force to rotate the head arm aksenbly with a coil substantially
smaller in size as conpared with a conventional coil whose najor dinmension

is in the radial direction. The snal]er
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
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
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, 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
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
trans&ucing head 36 traverses an arcuate path as the
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;oil reduces the inertia of the assenbly for nore rapid accel eration and
.deceleration, leading to reduced tine for gaining access to particular data
tracks on disks, |lower power requirenents, or both. This arrangenent
further requires only about half the permanent magnet volune required in
connection with a perpendi cular or radiéLly di sposed coil . ~Thus, a
thin voice coil, with its major dinmensi&ns perpendicular to the radial
direction, can be provided in a substantially reduced size and yet stil
girve 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. An
aluminium pole piece support bracket 42 is secured to
the bearing plates 38 and 40. The bearing plates are
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
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 brackets.

Upper and lower bearings 72 and fﬁ are supported
by the bearing plates 38 and 40, respectively, and
support opposite 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.
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the sane |level of force to accelerate and decel erate the head arm assenbly.
This thin (rather than bobbin) structure pronotes rapid heat dissipation

fromthe coil. The reduced size coil lowers the inertia of the head arm
assenbly, thus further reducing power requirenents.
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
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, likewise secured to the
coil carrying frame. With the actuator pivot shaft 32
positioned between the bases and an upright support

is Sheet Has Been Replaced
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% The invention is described further, by way of exanple, with
reference to the acconpanying draw ngs, in which:- Figure 1 is atop
plan view of a magnetic disk drive including a rotary actuator constructed

in .
10

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
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 rectangul;; 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, Qirtually the entire voice coil
has the same moment or lever arm. With the wire winding
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accordance with the present invention; Figure 2 is a perspective view
of the actuator assenbly; Figure 3 is a perspective view of the
actuator assembly with a pivot shaft and head arm assenbly renoved;

Figure 4 is a perspective view of the pivot shaft and head arn1assenb|y,
Figure 5 is a perspective view of a voice coil of a head arm assenbly;

and Figure 6 is a top plan view ofléortlons of the actuator assenbly.

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
-anq 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 éxis, and thus co-
operates with the suxrface 120 of the magnet assembly 112
to form an arcuate, longitudinal air gap 128 between
the magnet and the radially inner pole_EI;ce. 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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In Figure 1, there is showmn a magnetic disk drive 16 including a deck 18
which is part of a stationary franmework or housing for the disk drive. A
»stack of magnetic data storage disks, the top one being shown at 20, is
rotatably nmounted relative to the deck through a spindle 22. Al so nounted
on the deck 18 is a rotary actuator ass ly 24, including a portion 26
which is fixed to the deck and a head aim assenbly 28 which is novabl e
relative to the deck. Mrre particularly, the head arm assenbly 28 can be

}0' voted wit ht{aeéﬂécé h@ah@ﬁ dﬁ&%né@%&s%m;:ﬁ'}g t"l‘.%galtoa?i%o%o tHe @

ongltudlnal uat or e head arm
- shaft 32 and the head arm assembly, which in turn moves
the magnetlc 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 springs and
parallel load beams, which compensate.for differences
in thermal expansion co-efficients.
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assenbly includes a stack of nmultiple transducer support arnms, t he top one

bei ng shown at 34. A magnetic transducing head 36 is supported at t|
end of the arm 34, renote fromthe actuator shaft, where y t he transducin
head 36 traverses an arcuate path as the Sheet Has Been Replace

PN

1. A pair of bearing plates (72, 74) for rotatably supporting an actuator

CLAIMS

shaft (32) of a rotary actuator which in use controllably positions at least one
magnetic transducing head (36), the or each head disposed at one end of a
respective transducer support arm (34, 52 to 66), the or each arm at the other
end being mounted on said actuator shaft, characterised in that one of the |
bearing plates is elastically deformed in a direction away from the other of the
bearing plates to provide a restoring force for locating the pivot shaft.

2. A pair of bearing plates as claimed in claim 1, further comprising biasing
means (84, 86) for biasing at least one of the bearing plates in a direction away

from the other of the bearing plates.

3. A pair of bearing plates as claimed in claim 1 or 2, wherein one 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.

4. A pair of bearing plates according to claim 3, wherein the arcuate
damping member (88) has an aluminium core (90) surrounded try a visco-elastic

damping layer (92).

5. A pair of bearing plates according to any one of tﬁe preceding claims,

wherein the bearing plates are constructed of aluminium.

6. A rotary actuator for conu;ollably positioning a magnetic transducing
head (36) with respect to a magnetic disk (20) rotatably mounted in a disk drive

(16), the rotary actuator having a head arm assembly comprising a pivot shaft
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s'haft 32 pivots. Figure 2 shows the actuator assenbly 24 renoved from
the disk drive. The fixed or stationary portion of the actuator assenbly

incl udes a pair of generally transverse or horizontal bearThisBhest HascBeen Replaced
constructed of alum nium in particular. an upper bearing pl
| ower bearing plate 40 secured to the deck 18. An

(32), and a stationary portion comprising means (38, 40, 72, 74) for rotatably
supporting the pivot shaft, | \

characterised in that the supporting mmn.é includes 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.

7. A rotary actuator according to claim 6, wherein the first and second
bearing plates (38, 40) are spaced apart such that at least one of the bearing
plates is elastically deformed by the pivot shaft (32) supported between the

plates.

8. A rotary actuator according to claim 6 or 7, wherein the stationary
portion includes a permanent magnet (114, 116), the head arm assembly includes
an electrically conductive voice coil (108) arranged so as to cooperate for
rotating the head arm assembly relative to the stationary portioin for positioning
with respect to the disk at least one magnetic transducing head in use, the
permanent magnet has a magnet face (120) extending'pérallel 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 dimension in the longitudinal and

circumferential directions.

9. A rotary actuator according to claim 8, wherein the dimensions of the
electrically conductive voice coil (108) in the lohgimdinal and circumferential

directions are each at least five times its thickness.
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éluniniun1po|e pi ece support bracket 42 is secured to the bearing plates 38
and 40. The bearing plates are also secured to a pole piece 44, e.g. by
fasteners 46, 48 and 50. The pole piece is preferably constructed of a | ow
carbon steel, and acts as a spacer to nmintain the separation between the
beari ng plates. The head arm assenbly 28 includes a plurality of the
transducer support arns 52 to 66 along.q4ith the top arm 34, all integral
with the actuator shaft 32 and thus rotatable in concert as the shaft

pi vots. 0.!n fk&ﬂ?%cﬁxatéﬂ’&cbﬂﬁk & dRIASE,ETIS br 9 Swherelnvihe bewdng t he

remai nder of the actuator assenbly 24, to
plates (38, 40) are spaced apart by a member (44) having a different thermal

expansion coefficient to that of the bearing plates.
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reveal a pol e piece support bracket 68 which co-operates with the bracket
42 in determning the location of a pole piece 70 situated between the

bracket s. Upper and | ower bearings 72 and 74 are supported by the
bearing plates 38 and 40, respectively, and support opposite ends of the
actuator pivot shaft 32 to enable shaft rotation: The vertical or

| ongi tudi nal separation of the beari ngs; /2 and 74 is pre-determned with
respect to the actuator shaft length SUCq"-I that the bearing plate of one of
the bearings is at least slightly ejgfgegehy deforned when the shaft 32 is
supported between the plates. Biasing springs 84 and 86

BEARING PLATE ARRANGEMENT FOR SUPPORTING
THE ROTARY ACTUATOR OF A DISK DRIVE

" A pair of bearing plates (72, 74) for rotatably supporting an actuator
shaft (32) of a rotary actuator which in use controllably positions at least one
magnetic transducing head (36) are disclosed. The or each magnetic transducing
head is disposed at one end of a respective transducer support arm (34, 52 to
66), and the or each arm at the other end thereof is mounted on the actuator
shaft. One of the bearing plates is elastically deformed in a direction away from
the other of the bearing plates to provide a restoring force for locating the pivot

~shaft. This may secure the actuator shaft position. If the bearing plates are
spaced apart by a member (44) having a different thermal expanSion coefficient
to that of the bearing plates, the arrangement of the pair of bearing plates may

impart excellent thermal performance characteristics to the rotary actuator.

Fig. 3
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provide the main axial bearing pr'e-l oad. Thus, the bearings provide a
restoring force which secures the actuator shaft position.

-1 -
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9 Races of the bearings 72 and 74 are fixed. This, in conbination
wi th the sinultaneous use of alum niumand | ow carbon steel as noted above,
éreates a need for thermal conpensation, in particular due to the different
t hermal expansion co-efficients for alum niumand | ow carbon steel. To this
end, an arcuate cut out is fornmed in theybearing plate 40 froma side edge
76-to another side edge 78 as indicated by broken |ines, form ng upper and
| ower parallel flexure nmenbers or |oad :
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beans 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 al ong the
@dge 76. Likewise, a leaf spring 86, nounted on the bracket 68, downwardly
bi ases the bearing plate along the edge 78. In conbination, the |eaf
springs 84 and 86 together with the | oadgbgans 80 and 82 conpensate for the
thermal ms- match, and inpart excellent thermal performance charac-
teristics to the rotary actuator. To overcomne undesirabl e resonance
effects, an arcuate danpi ng nmenber 88 having an al um ni um core 90
surrounded by a visco-elastic danping |layer 92 is

F " g . 3 This Sheet Has Been Reillalced
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inserted into the arcuate opening between the | oad beans 80 and 82.

The head armassenbly is illustrated in Figure 4. 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 fastepeg 98, and a simlar fastener on the
ot her side and thus not visible in the Figure, secure the base 96 to a
voice coil carrying franme 100. The arns 52 to 66 simlarly include tapered
ext ensi ons and bases, |ikew se secured to the coil carrying frane. Wth

t he actuator pivot shaft 32
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6ositiohed befmeen_the bases and an upright support
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partion 102 of the frame, fasteners 98 securg R;I%IGACZ%JENT E““ e 56

Ihtegtally to the actuator pivot shaft. Uppern

of the frame 100 extend radially avvayfromtﬂ (_2) e"'di """

opposite to that of the arm extension, thus foSg EPN‘&P {ohgage “““

transducer support arnms. A voice coil 108 is sgg tpcht rP%geﬁp ot0 B89 onef

end portions to the flanges 104 and 10f'h and |t hus traverses andﬁlﬁgﬁe path
e

when the shaft 32 pivots. Preferably, ent|i DATE SINRBCEIRT
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The present invention relates to a bearing plate arrangement for
supporting the rotary actuator of a disk drive. More particularly, the present
invention relates to a pair of bearing plates for rotatably supporting an actuator
shaft of a rotary actuator which in use controllably positions at least one
magnetic transducing head, the or each head being disposed at one end of a
respective transducer support arm, and the or each arm at the other end thereof
being mounted on the actuator shaft. The present invention also relates to a
rotary actuator for controllably positing a magnetic transducing head with respect

toa magnetic disk rotatably mounted in a disk drive, the rotary actuator
including the aforesaid pair of bearing plates.

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) b).' two bearing plates, along an
with an arm or group of stacked arms connected to the shaft for pivoting with
the shaft. A magnetic-transducing head is mounted at the end of each arm
remote frqm the shaft, and thus is carried in an arcuate pa_th 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 including a voii:e coil and permanent magnets. Typically, the

voice coil is a flat loop extending perpendicular to the shaft pivot axis, connected
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expansjon of this assenbly, enabling nore accurate |ocation of the
rrecordi ng heads with respect to the magnetic tracks | ocated on the disk.
As seen in Figure 5, the voice coil 108 forns a thin, rectangular frane.
The voice cbil is generally flat, but nore precisely is curved about the

| ongi - -tudinal axis 30. The rectangular frane is forned of nmultiple

wi ndi ngs (preferably over one hundred)q0f an alumniumwre of rectangular
cross section. The wi ndings thenselves formthe rectangular frame, there

being no cwme%hmtfomws&ng Wath'the Shaft. I PbrmaféntGAgHtCardSthi intBgral'e! |

known bobbi n approach
with the disk dnve housing, positioned in spaced apart relation to the voice coil

and on opposite sides of the 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 dnly 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 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
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 structures, ¢.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. In JP-A-1146173
reflecting the preamble of the independent claims, this problem of distortion due to
varying thermal coefficients, i.e., thermal off track, is partially addressed for an arm
for mounting a magnetic head, the arm being rotatably mounted on a shaft. To reduce
thermal off track, the shaft is supported by a sleeve made from the same material as
the shaft.

According to one aspect of the present invention, there is provided a pair of -
bearing plates for rotatably supporting an actuator shaft of a rotary actuator which in
use controllably positions at least one magnetic transducing head, the or
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The | ongi tudi nal di nension and the width (or arcuate) dinmension of the
voi ce coil 108 are preferably an order of magnitude greater than the coi

t hi ckness, and in any event are at least five tinmes the thickness. As a
result, the voice coil 108 can be considered as contained within a thin
wal'l of a circular upright cylinder, concentric with the axis 30, with the
nonment or |lever armof the coil being Squal to the cylinder radius.
Accordingly, virtually the entire voicg coil has the sanme nonent or |ever

arm Wth 06 fal YigdoSéli H%ne end of a respective transducer support arm, the or
each arm at the other end being mounted on said actuator shaft, characterised in
that one of the bearing plates is elastically deformed in a direction away from the
other of the bearing plates to provide a restoring force for locating the pivof
shaft.

Such an arrangement of bearing plates may secure the actuator shaft
position.

In the preferred embodiment described below, 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 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 s‘ubsténtially rigid sbacing 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 plate longitudinally away from the other.

Preferably, such biasing means comprise a pair of léaf 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 may be cut away to form parallel flexure means or
load beams. Performance may be enhanced further by the insertion of damping

material between the flexure load beams. —
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al_- one-formng the coil (no core), the voice coil 108 can be as thin as the.
w r e di nensi ons, and have | ongi -

According to another aspect of the present invention there is provided a rotary
actuator for controllably positidning a magnetic transducing head with respect to a
magnetic disk rotatably mounted in a disk drive, the rotary actuator having a head arm
assembly comprising a pivot shaft, and a stationary portion comprising means for
rotatably supporting the pivot shaft, the supporting means includes first and second
longitudinally spaced bearing plates and first and second bearings supported by the
first and second bearing plates, respectively, characterized in that 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.

Preferably, the stationary portion includes a permanent magnet, the head
arm assembly includes an electrically conductive voice coil arranged so as to
cooperate for rotating the head arm assembly relative to the stationary portioin
for posiﬁonihg with respect to the disk at least one magnetic transducing head in
use, 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 subsmntia]ly‘ less than its dimension in the longitudinal and
circumferential directions.

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

Further, since the thickness of the coil may be 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.
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tudi nal and arcuate di nensions determ ned by the nunber 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 assenbly 112, incl uding
magnets 114 and 116, is secured to the pol e piece 44. Magnets 114 and 116
are arcuate, and curved about the pivot axis and thus conformto the
surface 110 of the pole piece 44. This facilitates nounting of the magnets
114 and 116 to the pole piece, mﬁth r%ﬁlally outer faces of the nmagnets

contiguous with the surface, 110. di r. surface 120 of the
magnet assenbl ¢ Presentsipvention maybe ahca%{e%a isk drive having a

stationary frame, a data storage disk mounted rotatably relative to the frame, a
magnetic transducing head for storing data onto the disk and for retrieving'data
previously stored onto the disk, and a rotary actuator 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 and at an end portion thereof remote from
the shaft for travel in an arcuate path as the shaft rotates. A permanent magnet
is fixedly mounted on the statlonary ﬁ'ame 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 above the
longitudinal axis as the shaft rotates. The coil has a substantially uniform
thickness in the radial direction, and is curved about the longitudinal 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 opposed longitudinal side
portions and a pair of opposed arcuate end portions, combining to form a thin
rectangular frame.
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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
bet ween and spaced apart fromthe flanges 104 and 106 to permt novenent  of
the head arm assenbly. 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 |ongitudinal axis, and
thus co- operates with the surface 126-of the magnet assenbly 112 to form

an arcuate, |opgitudinal ai ap.128_hetween t he et, an he radi al |
inne; gol e pie I u%ﬁ:ghecﬁd?allrdin%egﬂonof ecvc\)?llsdetermlr;lae%%y its a&ve?y ! y

small thickness, substantially all of the coil ﬁas 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.

o Thus, a thin voice coil, with its major dimensions perpendicular to the
radial direction, can be provided in a substantially 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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108 is situated within the air gap 128, preferably being radially centered.
The rotary actuator 24 functions in a well known manner. \Wen el ectric
current is supplied to the voice coil 108, a nagnetic field is generated
about the voice coil that inter-acts with the magnetic field about the

per mmnent magnet assenbly 112. The force of the inter- acting nagnetic
fields noves the voice coil 108 relativé

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
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
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
1lé 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

L 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
transﬁucing head 36 traverses an arcuate path as the
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12 to the permanent magnet assenbly, thus to pivot the shaft 32 and the
head arm assenbly, which in turn noves the magnetic transduci'ng head 36 and
the remaining heads in arcuate paths. Thus, each of the transducing -heads
i's novabl e generally radially of an associ ated one of the nmagnetic disks,
which, in conbination with disk 8

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. An
aluminium pole piece support bracket 42 is secured to
the bearing plates 38 and 40. The bearing plates are
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
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 brackets.

Upper and lower bearings 72 and fﬁ are supported
! by the bearing plates 38 and 40, respectively, and
support opposite 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.
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rotati-on, enables the selected head positioning necessary for recording and
retrieving data. As conpared with a conventional horizontal voice
coil orientation, the vertical flat coil substantially reduces the tine
required for acceleration and deceleration of the head arm assenbly through
reduced actuator inertia, requires |ess power, and substan- tially reduces
voi ce coil tenperature due to markedly Pnproved heat dissipation. This
approach has been found to reduce the required permanent magnet vol une by

nearly fift ercent. Further reduction in inertia resuyl.ts from., he use of
aluni%iun1t%rgugh@@FQﬁu9éuéhF bearings 72 ang 94 are rixed. h{E,

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
ancther side edge 78 as indicated by brcken lines,
fcrming 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 éharac-
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, likewise secured to the
coil carrYing frame. with the actuator pivot shaft 32
positioned between the bases and an upright support

-
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assenmbly and for nmuch of the remai nder of the actuator assenbly. Fixed race
bal | bearings can be enployed to secure the pivot shaft, in spite of the
different materials involved, due to the | eaf springs and parallel |oad
beans, which conpensate for differences in thermal expansion co-efficients.

10

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
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 rectangular frame, there
being no core about which the wire is Qbund, 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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-13- * CLAIMS 1. A transduci ng head actuator supporting device
conprising a pair of bearing plates (72, 74) for rotatably supporting an
actuator shaft (32) of a rotary actuator which in use controllably..
positions at | east one magnetic transduci ng head (36), the or

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 cdntiguous 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 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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each head di sposed at one end of a respective transducer support arm (34,
52 to 66), the or each armat the other end being nounted on said actuator
shaft, characterized in that one of the bearing plates is elastically ..
defornmed in a direction away fromthe other of the bearing plates_to
provide a restoring force for locating the pivot shaft. 2. A
supporting device as clained in claim 14 urther conprising biasing neans
(84, 86) for biasing at | east one of the bearing plates in a direction away

claimed i n Groi T BRTBRATRE BRRRE o 2gp BRI Tyoar i Lo DEvOE LhE 5
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 hgad 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 springs and
parallel load beams, which compensate-for differences
in thermal expansion co-efficients.
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pl at es conprises first and second parallel flexure nenbers (80, 82)
defining an arcuate opening through said bearing plate, and an arcuate

danpi ng menber (88) within the arcuate opening. 4. A supporting device
ac_co_rd! ng to claim3, wherein the arcuate danpi ng nenber (88) has an
al m nium core (90) surrounded by a viscoel astic danping |ayer (92). 5.

A supporting device according to any orlé-of the precedi ng clainms, wherein
the bearing plates are constructed of alum nium -

CLAIMS

1. A transducing head actuator supporting device comprising a pair of bearing
plates (72, 74) for rotatably supporting an actuator shaft (32) of a rotary actuator
which in use controllably positions at least one magnetic transduciné head (36), the or
each head disposed at one end of a respective transducer support arm (34, 52 to 66),
the or each arm at the other end being mounted on said actuator shaft, characterized in
that one of the bearing plates is elastically deformed in a direction away from the
other of the bearing plates to provide a restoring force for locating the pivot shaft.

2. A supporting device as claimed in claim 1, further comprising biasing means
(84, 86) for biasing at least one of the bearing plates in a direction away from the other
of the bearing plates.

3. A supporting device as claimed in claim 1 or 2, wherein one 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.

4. A supporting device according to claim 3, wherein the arcuate damping
member (88) has an aluminium core (90) surrounded by a viscoelastic damping layer
92). '

5. A supporting device according to any one of the preceding claims, wherein the
bearing plates are constructed of aluminium.

6. A rotary actuator for controllably positioning a magnetic transducing head (36)
~ with respect to a magnetic disk (20) rotatably mounted in a disk drive (16), the rotary
actuator having a head arm assembly comprising a pivot shaft (32), and a stationary
portion comprising 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, characterized in that one of the bearing plates is
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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6. A rotary actuator for controllably positioning a magnetic transducing
head (36) with respect to a nagnetic disk (20) rotatably nounted in a disk
drive (16), the rotary actuator having a head arm assenbly conprising a .

pi vot shaft (32), and a stationary portion conprising nmeans (38, 40, 72,

74) for rotatably supporting the pivot shaft, t he supporting nearis

I ncluding first and second | ongitudinally spaced bearing plates (38, 40)
and-first and second bearings (72, 7Aj#-supported by the first and second
bearing plates, respectively, characterized in that one of the bearing
plates is elastically deforned in a direction away fromthe other of the
bearing plates to provide a restoring force for locating the pivot shaft.

7. A rotary actuator according to claim 6, wherein the first and second
bearing plates (38, 40) are spaced apart such that at least one of the bearing
plates is elastically deformed by the pivot shaft (32) supported between the
plates.

8. A rotary actuator according to claim 6 or 7, wherein the stationary
portion includes a permanent magnet (114, 116), the head arm assembly includes
an eléctrically 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 at least one magnetic transducing head in use, the

permanent magnet has a magnet face (120) extending pa.fallel 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 dimension in the longitudinal and

circumferential directions.

9. A rotary actuator according to claim 8, wherein the dimensions of the
electrically conductive voice coil (108) in the longitudinal and circumferential

directions are each at least five times its thickness.
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-15-
10. A rotary actuator according to claim 6, 7, 8 or 9, wherein the bearing
plates (38, 40) are spaced apart by a member (44) having a different thermal
expax_lsion coefficient to that of the bearing plates.

L
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ABSTRACT

BEARING PLATE ARRANGEMENT FOR SUPPORTING
THE ROTARY ACTUATOR OF A DISK DRIVE

A pair of bearing plates (72, 74) for rotatably supporting an actuator
shaft (32) of a rotary actuator which in use controllably positions at least one
magnetic transducing head (36) are disclosed. The or each magnetic transducing
head is disposed at one end of a respective transducer support arm (34, 52 to
66), and the or each arm at the other end thereof is mounted on the actuator
shaft. One of the bearing plates is elastically deformed in a direction away from
the other of the bearing plates to provide a restoring force for locating the pivot
shaft. This may secure the actuator shaft position. If the bearing plates are
spaced apart by a member (44) having a different thermal expaﬂsion coefficient
to that of the bearing plates, the arrangement of the pair of bearing plates may
impart excellent thermal performance characteristics to the rotary actuator.

AN

\

[Fig. 3]
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7. *Arotary actuator according to claim®6, wherein the first and second.
bearinng plates (38, 40) are spaced apart such that at |east one of the
bearing plates is elastically defornmed by the pivot shaft (-32) supported
bet ween the pl ates. 8. A rotary actuator according to'claim®é or 7,

wherein the stationary -1 -
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porti oén includes a permanent nmagnet (114, 116), the head arm assenbly

I ncl udes an electrically conductive voice coil (108) arranged so as to
cooperate for rotating the head armassenbly relative to the stationary
portion for positioning wth respect to the disk at | east one magnetic
transduci ng head in use, the permanent gagnet has a magnet face (120)
extending parallel to and in an arc about the |ongitudinal axis, and the
el ectrically 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
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direction which is substantially less than its dinension in the

| ongi'tudinal and circunferential directions. 9. - A rotary actuator
according to claim8, wherein the dinensions of the electrically
conductive voice coil (108) in the longitudinal and circunferenti al
difections are each at least five tinesgits thickness.
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A rotary actuator according to claim6, 7, 8 or 9, wherein the

‘bear.ing plates (38, 40) are spaced apart by a nenber (44) having a

different thernal
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expansion coefficient to that of the bearing plates.
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