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ROTARY HEAD ACTUATOR FOR A MAGNETIC 

DISK DRIVE DATA STORAGE DEVICE 
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ORIGINAL 

The present invention ·relates to magnetic disk 

drive data storage devices, and more particularly to 

rotary actuators employed in such devices for 

s$l~ctively positioning magnetic transducing heads 

10 relative to rotatable disks. 

Magnetic disk drive devices generally employ 

either linear or rotary actuators to position _magnetic 

reading and recording heads with respect to rotatable 

m~gnetic disks. Such heads are typically moved at 

15 least generally radially of the disks in order to locate 

a head proximate a desired track on the disks. 

Rotary actuators usually include a shaft mounted 

rotatably on the deck or other stationary housing 

portion of the drive, along with an arm or group of . . 
20 stacked arms connected to the shaft for pivoting with 

the shaft. A magnetic tranducing head is mounted at the 

end of each' arm remote from the shaft, _and thus is 

carried in an ~rcuate path as the ~haft pivots. 

Usually, multiple head suppo~t arms are mounted on the 

25 shaft in stacked relation, for rotation in concert with 

the shaft. 
The prevailing means for controllably pivoting the 

head arm assembly is an electric motor including a voice 

coil and permanent magnets. Typically, the voice coil 

30 is a flat loop extending perpendicular to the shaft 

pivot axis, 

the shaft. 
connected to the shaft for pivoting with 

The permanent magnets are then integral 

·with the disk drive housing, positioned in spaced apart 

relation to the voice coil and on opposite sides of the 
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coil. When electrical current is directed through the 

wires of the voice coil, a magnetic field is generated 

which inter-acts with the magnetic field of the 

permanent magnets to provide the force which moves the 

5 voice coil and rotates the shaft as well. 

This orientation of the voice coil, however, gives 

rise to a problem in that only the radially outward 

portion of the voice coil has a desirably long moment 

arm., i.e. distance from the pivot axis. The radially 

10 inward portions of the coil have shorter effective 

moment arms, and thus provide correspondingly reduced 

rotational force on the shaft and head arm as~embly. Of 

course, this difficulty can be counter-acted to some 

e~tent by increasing the size of the voice coil, yet 

15 such a "solution" runs contrary to the continuing trend 

towards smaller and more compact disk drive c9mponents, 

including rotary actuators. Large voice coils further 

are a disadvantage in that they add to the inertia of 

the shaft and head arm assembly, resulting in a head 

20 arm assembly which cannot be accelerated and decelerated 

as rapidly as desired, or conversely require increased 

power to accelerate and decelerate the assembly. 

Another challenge associated with rotary actuators 

is the desire to employ light weight materials, e.g. 

25 aluminium, to the extent possible further to reduce 

inertia of the head arm assembly, as well as reducing 

overall weight. At the same time, other necessary 

structure, e.g. flux carrying bodies constructed of 

steel, have different thermal expansion co-efficients 

30 and thus raise the potential for distortion due to the 

varying thermal co-efficients of contiguous structures 

in the actuator. 

It is an object of the present invention to 

provide a rotary actuator, ·in which a voice coil is 
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located so as to be more effective than in the prior art 

described above. 

According to the present invention, there is 

provided.a rotary actuator for controllably positioning 

5 a magnetic transducing head with respect to a magnetic 

disk rotatably mounted in a disk drive, the rotary 

actuator comprising a stationary portion, and a head 

arm assembly mounted for rotation relative to the 

stationary portion about a longitudinal axis, the head 

10 arm assembly comprising at least one transducer support 

arm extending radially of the longitudinal axis, said 

at least one transducer support arm carrying ~t least 

one magnetic transducing head at a location remote from 

t~e longitudinal axis, the stationary portion including 

15 a permanent magnet and the head arm assembly including 

an electrically conductive voice coil arranged so as to 

co-operate for rotating the head arm assembly relative 

to the stationary portion for positioning said at least 

one magnetic transducing head in use, characterised in 
. . 

20· that the permanent magnet has a mp.gnat face extending 

parallel to and in an arc about the longitudinal axis, 

and the electrically conductive voice c?il defines a 

longitudinally extending surface, which is curved to 

conform with the magnet face, the electrically 

25 conductive voice coil having a thickness in the radial 

direction which is substantially less.than its 

dimensions in the longitudinal and circumferential 

directions. 
Thus, in the present invention, the voice coil is 

30 located at a substantially constant radial separation 

from the longitudinal axis and so may provide a more 

effective rotational force in use than is the case in 

the prior art. 
Further, since the thickness of the coil is 
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substantially less than its other dimensions, rapid 

dissipation of heat from the voice coil can be obtained. 

The voice coil may also be given a reduced mass 

for reduced inertia of the head arm assembly at no 

5 reduction in available ~ower to accelerate and 

decelerate the head arm assembly. 

The present invention is applicable to a disk 

drive having a stationary frame, a data storage disk 

mounted rotatably relative to the frame, a magnetic 

10 transducing head for storing data onto the disk and for 

retrieving data previously stored onto the disk, and a 

rotary actuator according to the invention fo~ 

controllably positioning the transducing head relative 

to the disk. 

15 In the preferred embodiment described below, the 

rotary actuator includes a longitudinally extending 

shaft_, and means for rotatably supporting the shaft 

with respect to the stationary frame. A plurality of 

transducer support arms are integrally mounted on the 
. . 

20 shaft for rotation with the shaf~, ·and extend away from 

the shaft in a first radial direction. At least one 

magnetic transducing head is mounted on each support arm 

at an end portion thereof· remote from the shaft for 

travel in an arcuate path as the shaft rotates. A 

25 permanent magnet is fixedly mounted on the stationary 

frame and spaced apart from the shaf~. The magnet has a 

convex magnet face directed towards the shaft and ·curved 

about the longitudinal axis. A coil support is 

integrally mounted on the shaft and extends away from 

30 the shaft in a second radial direction. An electrically 

conductive voice coil is mounted on the coil support for 

arcuate travel about the longitudinal axis as the shaft 

rotates. The coil has a substantially uniform thickness 

in the radial direction, and is curved about the longi-
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tudinal axis to conform to the curvature of the magnet 

face. The coil is disposed radially inwardly of the 

magnet face, and has a longitudinal dimension and a 

width, each of which is at least five times its 

5 thickness. 
Preferably, the coil is formed from a single 

aluminium wire, with the thickness of the coil being 

determined by the diameter of the wire. The coil may 

have a generally rectangular form, including a pair of 

10 opposed longitudinal side portions and a pair of opposed 

arcuate end portions, combining to form a thin 

rectangular frame. 
Because the radial dimension of the coil is deter­

m.ined by its relatively small thickness, substantially 

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

is at the same distance from the pivot axis. This 

arrangement enhances the performance of the rotary 

actuator in achieving more consistent and reliable 

performance, and also in providing the desired level of 

20 force to rotate the head arm assembly with a coil 

substantially smaller in size as compared with a 

conventional coil whose major dimension is in the radial 

direction. The smaller coil reduces the inertia of the 

assembly for more rapid acceleration and deceleration, 

25 leading to reduced time for gaining access to particular 

data tracks on disks, lower power requirements, or 

both. This arrangement further requires only about 

half the permanent magnet volume required in connection 

with a perpendicular or radially disposed coil. 

30 In accordance with a further aspect of the 

invention, the means for supporting the actuator shaft 

include first and second transverse bearing plates 

spaced apart from one another, and first and second 

bearings supported in the first and second bearing 
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plates, respectively, for receiving opposite ends of 

. the shaft. One of the bearing p·lates may incorporate a 

parallelogram flexure providing means for axially pre­

loading the pair of bearings. This axial pre-load 

5 s.ecures the shaft position. The bearing plates may be 

secured to substantially rigid spacing means for 

maintaining their spaced relationship. Biasing means, 

mounted on the spacing means, may then contact the 

f1e~ible bearing plate and provide a bias to move that 

10 plate longitudinally away from the other. 

Preferably, such biasing means comprise a pair of 

leaf springs in contact with the flexible bea~ing plate. 

The leaf springs provide a biasing force in a direction 

a~ially pre-loading the bearings away from each other. 

15 This compensates for thermal expansion effects if 

aluminium is used in the bearing plates contiguous with 

pole pieces of a low carbon steel for transfer of 

magentic flux. This thermal compensation structure 

enables the use of fixed races in the bearings for more 

20 reliable mounting of the pivot sl;laft'. 

To provide the parallelogram flexure, a portion 

of the bearing plate contacting the leaf springs is cut 

away to form parallel flexure means or load beams. 

Performance ·is enhanced further by the insertion of 

25 damping material between the flexure load beams. 

30 

Thus, in accordance with the ~resent invention, a 

thin voice coil, with its major dimensions perpendicular 

to the radial direction, can be provided in.a substan­

tially reduced size and yet still give the same level of 

force to accelerate and decelerate the head arm 

assembly. This thin (rather than bobbin) structure 

promotes rapid heat dissipation from the coil. The 

reduced size coil lowers the inertia of the head arm 

assembly, thus further reducing power requirements. 

-------·---
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The invention is described further, by way of 

example, with reference to the accompanying drawings, 

in ·which:-
Figure 1 is a top plan view of a magnetic disk 

5 drive including a rotary actuator constructed· in 

accordance with the present invention; 

Figure 2 is a perspective view of the actuator 

assembly; 
Figure 3 is a perspective view of the actuator 

10 assembly with .a pivot shaft and head arm assembly 

removed; 
Figure 4 is a perspective view of the p~vot shaft 

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

15 a head arm assembly; and 
Figure 6 is a top plan view of portions of the 

actuator assembly. 
In Figure 1, there is shown a magnetic disk drive 

16 including a deck 18 which is part of a stationary 

20 framework or housing for the disk drive. A stack of 

magnetic data storage disks, the top one being shown at 

20, is rotatably mounted relative to the deck through a 

spindle 22. Also mounted on the deck 18 is a rotary 

actuator assembly 24, including a portion 26 which is 

25 fixed to the deck and a head arm assembly 28 which is 

movable relative to the deck. More particularly, the 

head arm assembly 28 can be pivoted with respect to the 

deck about a longitudinal axis 30 of a longitudinal 

(i.e. vertical) actuator shaft 32. The head arm 

30 assembly includes a stack of multiple transducer support 
.. 

arms, the top one being shown at 34. A magnetic 

transducing head 36 is supported at the free end of the 

arm 34, remote from the actuator shaft, whereby the 

transducing head 36 traverses an arcuate path as the 
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shaft 32 pivots. 
Figure 2 shows the actuator assembly 24 removed 

from the disk drive. The fixed or stationary portion 

·of the actuator assembly includes a pair of generally 

5 transverse or horizontal bearing plates constructed of 

aluminium, in particular an upper bearing plate 38, and 

a lower bearing plate 40 secured to the deck 18. An 

aluminium pole piece support bracket 42 is secured to 

the bearing plates 38 and 40. The bearing plates are 

10 also secured to a pole piece 44, e.g. by fasteners 46, 

48 and 50. The pole piece is preferably constructed of 

a low carbon steel, and acts as a spacer to ~aintain 

the separation between the bearing plates. 

The head arm assembly 28 includes a plurality of 

15 the transducer support arms 52 to 66 along with the top 

arm 34, all integral with the actuator shaft 32 and 

thus rotatable in concert as the shaft pivots. 

In Figure 3, the head arm assembly is removed 

from the remainder of the actuator assembly 24, to 

20 reveal a pole piece support brac~et 68 which co-operates 

with the bracket 42 in determining the location of a 

pole piece 70 situated betw_een the brac!tets. 

Upper and lower bearings 72 and 74 are supported 

by the bearing plates 38 and 40, respectively, and 

25 support opposite ends of the actuator pivot shaft 32 to 

enable shaft rotation. The vertical_ or longitudinal 

separation of the bearings 72 and 74 is pre-determined 

with respect to the actuator shaft length such that the 

bearing plate of one of the bearings is at least 

30 slightly elastically deformed when the shaft 32 is 

supported between the plates. Biasing springs 84 and 86 

provide the main axial bearing pre-load. Thus, the 

bearings provide a restoring f or.ce which secures the 

actuator shaft position. 
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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, 

fo~ing upper and lower parallel flexure members or load 

10 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. L~kewise, a 

leaf spring 86, mounted on the bracket 68, downwardly 

b~ases the bearing plate along the edge 78. In 

15 combination, the leaf springs 84 and 86 together with 

the load beams 80 and 82 compensate for the thermal mis­

match, and impart excellent thermal performance charac­

teristics to the rotary actuator. 
To overcome undesirable resonance effects, an 

20 arcuate damping member 88 having an aluminium core 90 

surrounded by a visco-elastic damping layer 92 is 

inserted into the arcuate opening between the load beams 

80 and 82. 
The head arm assembly is illustrated in Figure 4. 

25 The transducer support arms 34 and 52 to 66 are substan­
tially identical. The arm 34, for example, includes a 

relatively thin tapered portion 94 extending radially of 

a relatively thick base 96. A fastener 98, and a 

similar fastener on the other side and thus not visible 

30 in the Figure, secure the base 96 to a voice coil 

carrying frame 100. The arms 52 to 66 similarly include 

tapered extensions and bases, likewise secured to the 

coil carrying frame. With the actuator pivot shaft 32 
positioned between the bases and an upright support 

~----

I 
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portion 102 of the frame, fasteners 98 secure the arms 

and the frame integrally to the actuator pivot shaft. 

Upper and lower flanges 104 and 106 of the frame 100 

extend radially away from the shaft 32, in a direction 

opposite to that of the arm extension, thus to counter­

balance the transducer support arms. A voice coil 108 

is secured at its upper and lower end portions to the 

flanges 104 and 106, and thus traverses an arcuate path 

when the shaft 32 pivots. Preferably, the entire 

assembly including the shaft 32, the arms, the frame 

100 and the voice coil 108, is constructed of 

aluminium. This reduces the differential thermal 

expansion of this assembly, enabling more accurate 

l~cation of the recording heads with respect to the 

15 magnetic tracks located on the disk. 

20 

25 

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 ovtl.r one hundred) of an 

aluminium wire of rectangular cross section. The 

windings themselves form the rectangular frame, there 
·-

being no core about which the wire is wound, for example 

as in the well known bobbin approach. 

The longitudinal dimension and the width (or 

arcuate) dimension of the voice coil _108 are preferably 

an order of magnitude greater than the coil thickness, 

and in any event are at least five times the thickness. 

As a result, the voice coil l08·can be considered as 

30 contained within a thin wall of a circular upright 

cylinder, concentric with the axis .30, with the moment 

or lever arm of the coil being equal to the cylinder 

radius. Accordingly, virtually the entire voice coil 

has the same moment or lever arm. With the wire winding 

11iii1~r 
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alone forming the coil (no core), the voice coil 108 

can be as thin as the wire dimensions, and have longi­

tudinal and arcuate dimensions determined by the number 

of turns. 

5 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 

10 and thus conform to the surface 110 of the pole piece 

44. This facilitates mounting of the magnets 114 and 

116 to the pole piece, with radially outer f~ces of the 

magnets contiguous with the surface 110. A radially 

i~ner surf ace 120 of the magnet assembly likewise is 

15 curved about the pivot axis. 
The pole piece 70, serving as a radially inner 

pole piece, is fixed with respect to the deck 18, 

situated between and spaced apart from the flanges 104 

and 106 to permit movement of the head arm assembly. 

20 More particularly, fasteners as indicated at 122 and 

124 secure .the pole piece 70 to brackets 42 and 68. A 

radially outer surface 126 of the pole piece 70 is 

curved about the longitudinal axis, and thus co­

operates with the surface 120 of the magnet assembly 112 

25 to form an arcuate, longitudinal air gap 128 between 

the magnet and the radially inner pole~oil 
108 is situated within the air gap 128, preferably 

being radially centered. 
The rotary actuator 24 functions in a well known 

30 manner. When electric current is supplied to the voice 

coil 108, a magnetic field is generated about the voice 

coil that inter-acts with the magnetic field about the 

permanent magnet assembly 112. The force of the inter­

acting magnetic fields moves the voice coil 108 relative 

\ 
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to the permanent magnet assembly, thus to pivot the 

shaft 32 and the head arm assembly, which in turn moves 

the magnetic transducing head 36 and the remaining heads 

i·n· 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

t~ally reduces voice coil temperature due to markedly 

15 improved heat dissipation. This approach has been 

found to reduce the required permanent magnet volume by 

nearly fifty percent. Further reduction in inertia 

results from the use of aluminium throughout the head 

assembly and for much of the remainder of the actuator 

20 

25 

30 

assembly. Fixed race ball bearipgs·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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1. A rotary actuator for controllably positioning a 

magnetic transducing head with respect to a magnetic 

5 disk rotatably mounted in a disk drive, the rotary 

actuator comprising a stationary portion (26), and a 

head arm assembly (28) mounted for rotation relative to 

the stationary portion about a longitudinal axis 'c3o), 
the head arm assembly comprising at least one trans-

10 ducer support arm (34, 52 to 66) extending radially of 

the longitudinal axis, said at least one transducer 

support arm carrying at least one magnetic transducing _ 

head (36) at a location remote from the longitudinal tJffVvt~ 

15 

a?tiS, the stationary portion including a permanent / 7,-. / 
magnet (114, 116) and the head arm assembly including an /( 

20 

electrically conductive voice.coil (108) arranged so as 

to co-operate for rotating the head arm assembly 

relative to the stationary portion for positioning said 

at least one magnetic transducing head in use,· charac-

terised in that the permanent magnet has t:'magnet face 

(120) extending parallel to and in an arc about the 

longitudinal axisA and the electrically conductive 

voice coil defines a longitudinally extending surface, 

which is curved to conform with the magnet face, the 

25 electrically conductive voice coil having a thickness in 

the radial direction which is substantially less than 

its dimensions in the longitudinal and circumferential 

directions. 
2. A rotary actuator according to claim 1 charac-

30 terised in that the dimensions of the electrically 

conductive voice coil in the longitudinal and circum­

ferential directions are each at least five times its 

thickness. 
3. A rotary actuator according to claim 1 or 2 

------
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characterised in that the dimensions of the electrically 

conductive voice coil in the longitudinal and circum­

ferential directions are each at least an order of 

magnitude greater· than its thickness. 

5 4. A rotary actuator according to any of claims 1 to 

3 characterised in that the electrically conductive 

voice coil has a generally rectangular form. 

5. A rotary actuator according to any of claims 1 to 

4 characterised in that the electrically conductive 

10 voice coil is formed from a single wire having a 

rectangular cross section, and in that the thickness of 

the· electrically conductive voice coil is det~rmined by 

the cross section of the wire and its dimensions in the 

longitudinal and circumferential directions are 

15 determined by the number of turns of the wire. 

6. A rotary actuator according to any preceding claim 

characterised in that the stationary portion further 

includes first and second magnetic:£lux conducting 

bodies (44, 70), one (44) of which carries the 

20 permanent magnet and the other (70) ·of ~hich defines 

with the permanent magnet an arcuate air gap (128) 

receiving the electrically conductive voice coil. 

7. A rotary actuator according to any preceding claim 

characterised in that the head arm assembly comprises a 

25 pivot shaft (32) and in ·that the stationary portion 

comprises means (38, 40, 72, 74) for_rotatably 

supporting the pivot shaft, the supporting means 

including first and second longitudinally sp~ced bearing 

plates (38, 40) and first and second bearings (72, 74) 

30 supported by the first and second bearing plates, 

respectively, one of the bearing plates being 

elastically deformed in a direction away from the other 

of the bearing plates to provide a restoring force for 

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

one of the bearing plates in a direction away from the 

5 other of the bearing plates~ 

9. A rotary actuator according to claim 7 or 8 

characterised in that?'bne of the bearing plates 

comprises first and second parallel flexure members (80, 

82) defining an arcuate opening through said bearing 

10 plate, and an arcuate damping member (88) within the 
arcuate opening.;<:)C 

10. A rotary actuator for use in a disk dri~e having a 

stationary frame, a magnetic disk mounted with respect 

t~ the frame for rotation relative to the frame, and a 

15 magnetic transducing head ~or storing data onto the disk 

and for·retrieving data previously stored on the disk, 

for controllably positioning the head with respect to 

the disk, said rotary actuator being characterised by a 

longitudinally extended actuator shaft (32), and means 

20 (38, 40) for supporting the shaft with respect to the 

frame to pivot relative to the frame about a longitu­

dinal pivot axis (30), a transducer support arm means 

(34, 52 to 66) integrally mounted to the shaft for 

rotation therewith, said transducer support arm means 

25 extending away from the shaft in a first radial 
direction, and at least one magnetic transducing head 

(36) mounted to the support arm means at an end portion 

thereof remote from the shaft, for travel in an arcuate 

path as the shaft rotates, a permanent magnet means 

30 (112, 114) mounted to the frame in spaced apart relation 

to the shaft, said magnet means having a convex magnet 

face directed towards the shaft and curved about the 
pivot axis, a· coil support means (100) integrally 
mounted to the shaft and extended away from the shaft in 

------
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a second radial direction, and an electrically 
conductive voice coil (108) mounted to the coil support 
means for arcuate travel about the pivot axis as the 
actuator shaft pivots, said voice coil having a 

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

10 thickness. 

15 

20 

25 

30 
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