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57 ABSTRACT 

A rotary actuator for a magnetic disc drive includes a 
stationary arcuate permanent magnet and a thin, arcuate 
voice coil formed of a single winding of aluminum wire. 
Both the magnet and voice coil are curved about a pivot 
axis of a rotating shaft supporting a movable head arm 
assembly of the rotary actuator. The coil is integral with 
the head arm assembly, and pivots the head arm assem 
bly responsive to electrical current introduced into the 
coil. Opposite ends of the pivot shaft are received into 
fixed race bearings supported by spaced apart upper and 
lower bearing plates, one of which is slightly elastically 
deformed to secure the shaft by their restoring force. 
Leafsprings provide a biasing force against the selected 
bearing plate and cooperate with parallel, spaced apart 
flexure members in the selected bearing plate to com 
pensate for thermal expansion coefficient mismatch. 

19 Claims, 4 Drawing Sheets 
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1. 

VERTICAL FLAT COIL FOR HEAD ACTUATOR 

This is a continuation of copending application Ser. 
No. 07/451,200, filed on Dec. 15, 1989, now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to magnetic disc drive 
data storage devices, and more particularly to rotary 
actuators employed in such devices to selectively posi 
tion magnetic transducing heads relative to rotating 
discs. 

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

Rotary actuators usually include a shaft mounted 
rotatably on the deck or other stationary housing por 
tion of the drive, along with an arm or group of stacked 
arms connected to the shaft for pivoting with the shaft. 
A magnetic transducing head is mounted to the end of 
each arm remote from the shaft, and thus is carried in an 
arcuate path as the shaft pivots. Usually, multiple head 
support arms are mounted to the shaft in stacked rela 
tion, 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 is a flat loop perpendicular to the shaft pivot axis, 
connected to the shaft for pivoting with the shaft. The 
permanent magnets then are integral with the disc 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 wires of the voice coil, 
a magnetic field is generated which interacts with the 
magnetic field of the permanent magnet to provide the 
force which moves the voice coil and rotates the shaft 
as well. 

This orientation of the voice coil, however, gives rise 
to a problem in that only the radially outward portion of 
the voice coil has a desirably long moment arm, i.e. 
distance from the pivot axis. The radially inward por 
tions 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 counteracted by increasing the size 
of the voice coil, yet such a 'solution' runs contrary to 
the continuing trend toward smaller and more compact 
disc 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 accel 
erated and decelerated as rapidly as desired, or con 
versely require increased power to accelerate and de 
celerate the assembly. 
Another challenge associated with rotary actuators is 

the desire to employ lightweight materials, e.g. alumi 
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num, to the extent possible to further reduce inertia of 60 
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 coefficients and thus raise the poten 
tial for distortion due to the varying thermal coeffici 
ents of contiguous structures in the actuator. 

Therefore, it is an object of the present invention to 
provide a rotary actuator in which substantially the 
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entire voice coil is located at a constant radial separa 
tion from the rotary actuator pivot shaft. 
Another object is to provide a voice coil curved 

about the pivot axis of a rotary actuator, and having a 
thickness dimension radially of the pivot axis selected to 
facilitate rapid dissipation of heat from the voice coil. 
A further object is to provide a voice coil of reduced 

mass for reduced inertia of a head arm assembly of a 
rotary actuator, at no reduction in available power to 
accelerate and decelerate the head arm assembly. 
Yet another object is to provide a rotary actuator 

including means to compensate for different thermal 
expansion coefficients in various materials employed in 
constructing the actuator. 

SUMMARY OF THE INVENTION 

To achieve these and other objects, there is provided 
a disc drive having a stationary frame, a data storage 
disc mounted rotatably relative to the frame, a magnetic 
transducing head for storing data onto the disc and for 
retrieving data previously stored onto the disc, and a 
rotary actuator for controllably positioning the trans 
ducing head relative to a disc. 
The rotary actuator includes a longitudinally ex 

tended shaft, and means for supporting the shaft with 
respect to the frame, to pivot relative to the frame about 
a longitudinal pivot axis. A transducer support arm 
means is integrally mounted to the shaft for rotation 
with the shaft, and extends away from the shaft in a first 
radial direction. At least one magnetic transducing head 
is 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 is 
fixedly mounted to the frame and spaced apart from the 
shaft. The magnet means has a convex magnet face 
directed toward the shaft and curved about the longitu 
dinal axis. A coil support means is integrally mounted to 
the shaft and extends away from the shaft in a second 
radial direction. An electrically conductive coil is 
mounted to the coil support means for arcuate travel 
about the longitudinal axis as the shaft rotates. The coil 
has a substantially uniform thickness in the radial direc 
tion, and is curved about the longitudinal axis to con 
form 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 dimension, each of 
which is at least five times the thickness. 

Preferably the coil winding is formed of a single 
aluminum wire, with the thickness of the coil winding 
determined by the diameter of the wire. The coil can be 
generally rectangular, including a pair of opposed lon 
gitudinal side portions and a pair of opposite and arcu 
ate end portions, combining to form a thin, rectangular 
coil frame. 

Because the radial dimension of the coil is its rela 
tively small thickness, substantially all of the coil has the 
same moment arm or lever arm, i.e. is 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 provid 
ing the desired level of force to rotate the head arm 
assembly with a coil substantially smaller in size as 
compared to a conventional coil with a major dimen 
sion 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 the discs, lower power re 
quirements, or both. This arrangement further requires 
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only about half the permanent magnet volume required 
in connection with a perpendicular or radially disposed 
coil. 

In accordance with a further aspect of the invention, 
the means for supporting the actuator shaft include first 
and second transverse bearing plates spaced apart from 
one another, and first and second bearings supported in 
the first and second bearing plates, respectively, for 
receiving opposite ends of the actuator shaft. One of the 
bearing plates incorporates a parallelogram flexure be 
tween the fixed end of the plate and the bearing support. 
This flexure provides a means of axially preloading the 
pair of bearings. This axial preload secures the shaft 
position. A substantially rigid spacing means is secured 
to the bearing plates and maintains their spaced apart 
relationship. A biasing means, mounted to the spacing 
means, contacts the flexible bearing plate, provides a 
bias to move the associated bearing longitudinally away 
from the other bearing. 

Preferably the biasing means comprises a pair of leaf 
springs in contact with the flexible plate. The leaf 
springs provide a biasing force in the direction to axially 
preload the bearings in a direction away from each 
other. This compensates for thermal expansion effects 
due to the use of aluminum in the biasing plates, contig 
uous with pole pieces of a low carbon steel, provided 
for transfer of magnetic flux. This thermal compensa 
tion structure enables the use of fixed races in the bear 
ings, for a more reliable mounting of the pivot shaft. 
To provide the parallelogram flexure, a portion of the 

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

Thus, in accordance with the present invention, a thin 
voice coil, with its major dimensions perpendicular to 
the radius of the actuator pivot shaft, can be provided in 
a substantially reduced size yet provide the same level 
of force to accelerate and decelerate the head arm as 
sembly. The thin, single winding (rather than bobbin) 
structure promotes rapid heat dissipation from the coil. 
The reduced size coil lowers the inertia of the head arm 
assembly, thus to further reduce power requirements. 

IN THE DRAWINGS 

For a further understanding of the above and other 
features and advantages, reference is made to the fol 
lowing detailed description and to the drawings in 
which: 
FIG. 1 is a top plan view of a magnetic disc drive 

including a rotary actuator constructed in accordance 
with the present invention; 
FIG. 2 is a perspective view of the actuator assembly; 
FIG. 3 is a perspective view of the actuator assembly 

with a pivot shaft and head arm assembly removed; 
FIG. 4 is a perspective view of the pivot shaft and 

head arm assembly; 
FIG. 5 is a perspective view of a voice coil of the 

head arm assembly; and 
FIG. 6 is a top plan view of portions of the actuator 

assembly. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Turning now to the drawings, there is shown in FIG. 
1 a magnetic disc drive 16 including a deck 18 which is 
part of a stationary framework or housing for the disc 
drive. A stack of magnetic data storage discs, the top 
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4. 
one being shown at 20, is rotatably mounted relative to 
the deck through a spindle 22. Also mounted on 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 particu 
larly, 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 arm 34, remote 
from the actuator shaft, whereby transducing head 36 
traverses an arcuate path as shaft 32 pivots. 

FIG. 2 shows actuator assembly 24 removed from the 
disc drive. The fixed or stationary portion of the actua 
tor assembly includes a pair of generally transverse or 
horizontal bearing plates constructed of aluminum, in 
particular an upper bearing plate 38, and a lower bear 
ing plate 40 secured to deck 18. An aluminum pole piece 
support bracket 42 is secured to bearing plates 38 and 
40. The bearing plates also are secured to a pole piece 
44, e.g. by fasteners at 46, 48 and 50. The pole piece 
preferably is constructed of a low carbon steel, and acts 
as a spacer to maintain the separation between the bear 
ing plates. 
Head arm assembly 28 includes a plurality of trans 

ducer support arms 52-66 along with top arm 34, all 
integral with actuator shaft 32 and thus rotating in con 
cert as the shaft pivots. 

In FIG. 3, the head arm assembly is removed from 
the remainder of actuator assembly 24, to reveal a pole 
piece support bracket 68 which cooperates with bracket 
42 in determining the location of a pole piece 70 situated 
between brackets. 
Upper and lower bearings 72 and 74 are supported by 

bearing plates 38 and 40, respectively, and support op 
posite ends of actuator pivot shaft 32 to enable shaft 
rotation. The vertical or longitudinal separation of bear 
ings 72 and 74 is predetermined with respect to the 
actuator shaft length such that one of the bearing plates 
are at least slightly elastically deformed when shaft 3 is 
supported between them. The biasing springs 84 and 86 
provide the main axial bearing preload. Thus, the bear 
ings provide a restoring force which secures the actua 
tor shaft position. 
The races of bearings 72 and 74 are fixed. This, in 

combination with the simultaneous use of aluminun and 
low carbon steel as noted above, creates a need for 
thermal compensation, in particular due to the different 
thermal expansion coefficients for aluminum and low 
carbon steel. To this end, an arcuate cutout is formed in 
bearing plate 40 from a side edge 76 to another side edge 
78 as indicated in broken lines, forming upper and lower 
parallel flexure members or load beams 80 and 82. A 
leaf spring 84 is secured to bearing plate 40 and is pre 
loaded to provide a downward bias to bearing plate 40 
along edge 76. Likewise, a leaf spring 86, mounted to 
plate 40, downwardly biases the bearing plate along 
edge 78. In combination, leaf springs 84 and 86 along 
with load beams 80 and 82 compensate for the thermal 
mismatch, and impart excellent thermal performance 
characteristics to the rotary actuator. 
To overcome undesirable resonance effects, an arcu 

ate damping member 88 having an aluminum core 90 
surrounded by a viscoelastic damping layer 92 is in 
serted into the arcuate opening between load beams 80 
and 82. 



5. 
The head arm assembly is illustrated in FIG. 4. Trans 

ducer support arms 34 and 52-66 are substantially iden 
tical. Arm 34, for example, includes a relatively thin 
tapered portion 94 extended 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 base 
96 to a voice coil carrying frame 100. Arms 52-66 simi 
larly include tapered extensions and bases, likewise 
secured to the coil carrying frame. With actuator pivot 
shaft 32 positioned between the bases and an upright 
support 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 frame 100 
extend radially away from shaft 32, in a direction oppo 
site to that of arm extension, thus to counter-balance the 
transducer support arms. A voice coil 108 is secured at 
its upper and lower end portions to flanges 104 and 106, 
and thus traverses an arcuate path when shaft 32 pivots. 
Preferably the entire assembly including shaft 32, the 
arms, frame 100 and voice coil 108, is constructed of 
aluminum. This reduces the differential thermal expan 
sions of this assembly, enabling more accurate location 
of the recording heads with respect to the magnetic 
tracks located on the discs. 
As seen in FIG. 5, voice coil 108 forms a thin, rectan 

gular frame. The voice coil is generally flat, but more 
precisely is curved about longitudinal axis 30. The 
frame is formed of multiple windings (preferably over 
100) of a rectangular cross section aluminum wire. The 
windings themselves form the voice coil frame, there 
being no core about which the wire is wound, for exam 
ple as in the well-known bobbin approach. 
The longitudinal dimension and width (or arcuate) 

dimension of voice coil 108 are preferably an order of 
magnitude greater than the coil thickness, and in any 
event should be at least five times the thickness. As a 
result, voice coil 108 can be considered as contained 
within a thin wall of a circular upright cylinder, concen 
tric on axis 30, with the moment arm or lever arm of the 
coil being equal to the cylinder radius. Accordingly, 
virtually the entire voice coil has the same moment arm. 
With the wire winding alone forming the coil (no core), 
voice coil 108 can be as thin as the wire dimensions, and 
have longitudinal and arcuate dimensions determined 
by the number of windings. 
As seen in FIG. 6, pole piece 44 includes a radially 

inward surface 110 curved about axis 30. A permanent 
magnet assembly 112, including magnets 114 and 116, is 
secured to pole piece 44. Magnets 114 and 116 are arcu 
ate, curved about the pivot axis and thus conform to 
surface 110 of pole piece 44. This facilitates a mounting 
of magnets 114 and 116 to the pole piece, with radially 
outward faces of the magnets contiguous with surface 
110. A radially inward surface 120 of the magnet assem 
bly likewise is curved about the pivot axis. 

Pole piece 70 is fixed with respect to and radially 
inward of pole piece 44. Pole piece 70 is situated be 
tween and spaced apart from flanges 104 and 106 to 
permit movement of the head arm assembly. More par 
ticularly, fasteners as indicated at 122 and 124 secure 
pole piece 70 to brackets 42 and 68. A radially outward 
surface 126 of pole piece 70 is curved about the longitu 
dinal axis, and thus cooperates with surface 120 of mag 
net assembly 112 to form an arcuate, longitudinal air 
gap 128 between the magnet and the radially inward 
pole piece. Coil 108 is situated within air gap 26, prefer 
ably radially centered. 
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Rotary actuator 24 functions in a well-known man 
ner. When electric current is supplied to voice coil 108, 
a magnetic field is generated about the voice coil that 
interacts with the magnetic field about permanent mag 
net assembly 112. The force of the interacting magnetic 
fields moves voice coil 108 relative to the permanent 
magnet assembly, thus to pivot shaft 32 and the head 
arm assembly, which in turn moves magnetic transduc 
ing head 36 and the remaining heads in arcuate paths. 
Thus, each of the transducing heads is movable gener 
ally radially of its associated one of the magnetic discs, 
which, in combination with disc rotation, enables the 
selected head positioning necessary for recording and 
retrieving data. 
As compared to a conventional horizontal voice coil 

orientation, the vertical flat coil substantially reduces 
the time required for accelerations and decelerations of 
the head arm assembly through reduced actuator iner 
tia, requires less power, and substantially reduces voice 
coil temperature due to markedly improved heat dissi 
pation. This approach has been found to reduce the 
required permanent magnet volume by nearly fifty per 
cent. Further reduction in inertia results from the use of 
aluminum throughout the head arm 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 compen 
sate for differences in thermal expansion coefficients. 

I claim: 
1. In a disc drive having a stationary frame, a mag 

netic disc mounted with respect to the frame for rota 
tion relative to the frame, a magnetic transducing head 
for storing data onto the disc and for retrieving data 
previously stored on the disc, a rotary actuator for 
controllably positioning the head with respect to the 
disc; said rotary actuator assembly including: 

a longitudinally extended actuator shaft, and means 
for supporting the shaft with respect to the frame 
to pivot relative to the frame about a longitudinal 
pivot axis; 

a transducer support arm means integrally mounted 
to the shaft for rotation therewith, said transducer 
support arm means extending away from the shaft 
in a first radial direction, and at least one magnetic 
transducing head mounted to the support arm 
means at an end portion thereof remote from the 
shaft, for travel in an arcuate path as the shaft ro 
tates; 

a permanent magnet assembly mounted to the frame 
in spaced apart relation to the shaft, said magnet 
assembly having a concave magnet face directed 
toward the shaft and curved about the pivot axis; 

a coil support means integrally mounted to the shaft 
and extended away from the shaft in a second ra 
dial direction; and 

an electrically conductive voice coil mounted to the 
coil support means for arcuate travel about the 
pivot axis as the actuator shaft pivots, said voice 
coil having a uniform thickness radially and being 
disposed radially inwardly of the magnet face, said 
coil being curved about the pivot axis to conform 
to the curvature of the magnet face, and with the 
longitudinal and circumferential width dimensions 
of said voice coil each being at least five times in 
magnitude larger than the radial thickness dimen 
sion of the voice coil. 

2. The rotary actuator of claim 1 wherein: 
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the longitudinal and width dimensions of the voice 
coil are each at least an order of magnitude greater 
than the coil thickness. 

3. The rotary actuator of claim 2 wherein: 
the voice coil comprises a generally rectangular 

frame including two longitudinal portions mem 
bers and two arcuate end portions joined to the side 
portions. 

4. The rotary actuator of claim 3 wherein: 
said voice coil is formed of a single rectangular cross 

section wire, with the thickness dimension deter 
mined by the dimension of the wire and the longi 
tudinal and width dimensions determined by the 
number of turns of the wire. 

5. The rotary actuator of claim 4 wherein: 
said wire is aluminum. 
6. The rotary actuator of claim 2 wherein: 
the length dimension is at least twice the width di 

mension. 
7. The rotary actuator of claim 1 wherein: 
said means for supporting the pivot shaft include first 
and second transverse bearing plates longitudinally 
spaced apart from one another, and first and second 
bearings supported in said first and second bearing 
plates, respectively, for rotatably receiving oppo 
site end portions of the pivot shaft. 

8. The rotary actuator of claim 7 wherein: 
one of the bearing plates is elastically deformed in a 

direction away from the other bearing plate when 
Supporting the shaft, thereby to provide a restoring 
force to secure the pivot shaft. 

9. The rotary actuator of claim 8 wherein: 
said means for supporting the pivot shaft further 

include a substantially rigid spacing means secured 
to said bearing plate and maintaining the bearing 
plates in said longitudinally spaced apart relation, 
and a biasing means contacting at least one of said 
bearing plates, thereby to move the associated 
bearing in a direction away from the other bearing 
plate. 

10. The rotary actuator of claim 9 wherein: 
said associated bearing plate includes first and second 

parallel flexure members defining an arcuate open 
ing through the associated bearing plate. 

11. The rotary actuator of claim 10 further including: 
an arcuate damping member inserted into said arcuate 

opening and contiguous with the flexure members. 
12. The rotary actuator of claim 1 further including: 
a first magnetic flux conducting body integral with 

the frame and positioned radially outwardly of the 
permanent magnet assembly, and a second mag 
netic flux conducting body radially inwardly of the 
permanent magnet assembly, said second body 
including a radially outward surface curved about 
said pivot axis and cooperating with said magnet 
face to form an arcuate air gap within which the 
voice coil travels in its arcuate path. 

5 

10 

5 

25 

30 

35 

45 

50 

55 

60 

65 

8 
13. A rotary actuator for controllably positioning a 

magnetic transducing head with respect to a rotatable 
magnetic disc; including: 

a stationary actuator portion including a permanent 
magnet assembly; and a head arm assembly 
mounted for pivoting about a longitudinal axis 
relative to the stationary actuator portion, said 
head arm assembly including a transducer support 
arm extending radially of the longitudinal axis and 
a magnetic transducing head supported on the 
transducer support arm at a location remote from 
the longitudinal axis; said permanent magnet as 
sembly having a magnet face parallel to the longi 
tudinal axis and curved about the longitudinal axis; 
and 

an electrically conductive voice coil integral with the 
head arm assembly and disposed for arcuate travel 
about the longitudinal axis as the head arm assem 
bly pivots, said voice coil being curved about the 
longitudinal axis and having a longitudinally ex 
tending coil surface spaced apart from the magnet 
face and substantially conforming to the curvature 
of the magnet face, said coil having a thickness in a 
direction radially of the longitudinal axis, a longitu 
dinal dimension and a circumferential width di 
mension, each of said longitudinal and width di 
mensions being substantially greater than said 
thickness. 

14. The rotary actuator of claim 13 wherein: 
each of said longitudinal and width dimensions is at 

least five times the thickness. 
15. The rotary actuator of claim 13 wherein: 
each of the longitudinal and width dimensions is at 

least an order of magnitude greater than the thick 
SS. 

16. The rotary actuator of claim 13 wherein: 
the voice coil comprises a generally rectangular 

frame including two longitudinal side portions 
defining said coil surface. 

17. The rotary actuator of claim 13 wherein: 
the voice coil is formed of a single wire having a 

rectangular cross section, wherein the thickness of 
the voice coil is determined by the cross section of 
the wire, and the longitudinal and circumferential 
width dimensions are determined by the number of 
turns of the wire. 

18. The rotary actuator of claim 13 wherein: 
Said stationary actuator portion further includes two 

magnetic flux conducting bodies, one of the flux 
conducting bodies supporting the permanent mag 
net assembly, the other magnetic flux conducting 
body cooperating with the magnet assembly to 
form and arcuate air gap to accommodate the arcu 
ate travel of the voice coil. 

19. The rotary actuator of claim 13 wherein: 
said permanent magnet assembly comprises a pair 

arcuate permanent magnets adjacent one another. 
k s 
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