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DISC CLAMP WITH SHAPE MEMORY ALLOYS
Related Applications

The pi:esent application claims benefit of the United States
provisional patent application number 60/212,218, filed June 16, 2000.

Field of the Invention

The present invention relates generally to disc drives. More
particularly, the present invention relates to an improved disc clamp for

use in securing a disc stack. -
Background of the Invention

In disc drives, data is recorded on and read from one or both
sutfaces of a disc. To increase storage capacity, more than one disc may be
used. Data is stored in addressable units called sectors which are arranged
in generally circular tracks defined on the disc surface. In operation, a
read/write device, referred to as a head, is held over (or under, as the case
may be) the appropriate track and the disc is rotated so that the head reads
from or writes to a series of sectors along the same track. The head is |
supported by an actuator that is used for changing the position of the head
relative to the tracks. The discs are thus mounted to the hub of a spindle
motor for the required rotational motion, and are vertically spaced apart to
allow for access by the heads. Typically, discs are alternately. stacked with
spacers on the spindle hub forming a disc stack that is secured to the .
spindle hub by a disc clamp. ' o
Slippage of the discs can, for example, result in track misregistration and
read/write errors. Therefore it is desired of a disc clamp that it is able to
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keep the disc stack components in alignment even under high speed
rotation and in the presence of large external shocks. -

One disc clamp currently in use is in the form of a circular plate with
three or more screw holes. It is placed over the top most disc of the disc

stack and screws are passed through the screw holes to engage

- corresponding threaded holes on a top surface of the spindle hub. The need

to allow for screw holes imposes a limit to how small the disc clamp may
be designed, which in turn means that the amount of disc surface that is
covered by the disc clamp and not available for data storage cannot be
further reduced.

An alternative type of disc clamps is described in the United States .
patent 5,548,457, issued on August 20, 1996, to Brooks et al. and in the
United States patent 5,940,244, issued on August 17, 1999, to Canlas et al.
Instead of using screws to produce a clamping force, a shrink-fit ring is
used. The disc clamp is expanded by heating prior to being placed onto the
spindle hub. When the disc clamp cools, clamping forces are exerted on the
disc stack. Shrink-fit disc clamps typically require heating to a high
temperature, and this contributes to higher assembly cost. The process
appears to be irreversible and thus may not be suitable for re-work.

The present invention provides an improved disc clamp to meet the
continuing need for better quality disc drives that can be manufactured at
lower cost. Other advantages of the present invention over the priof art

will be evident from the following description.
Summary of the Invention
The present invention relates to an improved disc stack system for

use in a disc drive, where the disc stack involves a novel disc clamp.

In accordance with one embodiment of the invention, thereis

- provided an annular disc clamp located in a groove of a spindle hub,
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where fhe groove is defined by a ledge and a shoulder. The disc clamp is
configured to fit between the ledge and a disc resting on the shoulder. The
disc clamp is made from a shape memofy alloy. The disc clamp is shaped
such that, in an austenitic phase, it has a thickness that is gréater than a
clearance, where the clearance is the distance from the upper surface of the

disc to the ledge. In a martensitic phase, the disc clamp has an inner

' diameter that is greater than the diameter of the ledge and, in an austenitic

phase, it has an inner diameter that is less than the diameter of the ledge.’
Preferably, the disc stack includes an inclined surface configured for
mating with an inclined surface of the disc clamp. Preferably, the disc
clamp includes a convex portion to provide a line contact with the disc.

In an alternative embodiment, the disc clamp is located between the
upper ledge of the spindle hub and the top-most disc of a multiple-disc
disc stack.

* These and various other features as well as-advantages which
chéracterize the present invention will be apparent upon réading of the

following detailed description and review of the associated draWings.
Brief Description of the Drawings

FIG. 1 shows an exploded view of a disc stack in a disc drive.

FIG. 2 is a cross-section of a disc stack according to a preferred
embodiment of the present invention. | _

FIG. 3 is shows the disc stack of FIG. 2 after it is secured.

FIG. 4 is a top view of the disc stack of FIG. 3.

Detailed Description

Preferred embodiments of the present invention are described below
with the aid of the attached drawings. FIG. 1 shows a disc drive 10 in -
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which the present invention is particularly useful. The disc drive includes a
base 12 to which all other components are directly or indirectly mounted.
Together with a cover (not shown), the base forms an enclosure which
protects the components from external contamination.

The disc drive 10 includes one or more discs 14, 15 mounted for
rotation on the hub of a spindle motor 16. In this .e>l<ample, the disc stack
includes two discs separated by a spacer 18. Also shown is a disc clamp 20
of the present invention for securing the various components of the disc
stack together. The surfaces of the discs are formatted for data storage.
Each disc surface is divided into circular tracks of sectors, each sector being
an addressable unit for data storage. o

An actuator 22 is pivotably mounted to the base of the disc drive,
and powered by a voice coil motor. The voice coil motor consists of a coil
26 supported within a magnetic field by a yoke 28 extending from the
housing of the actuator. Electronic circuitry controlling the operation of the
disc drive is provided on a printed circuit board assembly mounted to the
outer surface of the base. Part of the electronic circuitry 32 is found within
the disc drive enclosure, variously mounted to the actuator and the other
coinponents. .

Extending from the actuator is a set of vertically spaced actuator
arms 34 at the distal ends of which are supported heads 36 for writing data
to and reading data from the disc. Data and control signals are carried
between the electronic circuitry and the heads by a flexible printed circuit
cable 38. |

FIG. 2 is a cross-sectional view of a single-disc disc stack 40 with a
disc clamp 20 according to a preferred embodiment of the present
invention. The spindle motor 16 includes a base 42 that can be mounted to
the base of the disc drive housing. The spindle hub supports a permanent
magnet which interacts with an electromagnetic stator core to rotate the
hub about the axis of the shaft. The hub 44 is shaped with a stem 46 that is



10

15

20

30

to consider may include the machinability and cost of the alloy. For

5-

configured with a groove 48, defined by a lower inclined surface 51 of a
ledge 50 and a shoulder 52. An annular disc 14 is placed on the shoulder
52, and the disc clamp 20, to be described in greater detail below, is placed -
over the disc. '

The disc clamp 20 is formed from a shape memory alloy (SMA).
Shape memory alloys exhibit a shape memory effect as a result of their
ability to transform between martensitic and austenitic phases. The
transformation may be caused by the application of heat. For example, a |
SMA in the martensitic phase will begin to transform to the austenitic
phase when heat is applied, as might be indicated by a temperature rise to
greater than A, and the transformation will be complete when the
temperature is greater than A¢. The reverse transformation will begin when
heat is withdrawn from the SMA, as might be indicated by a temperature
drop to less than M; and completed at temperature less than M. The
temperatures Ms, M, As and At define the thermal transformation
hysteresis loop of a SMA.

The disc clamp 20 is formed in a first configuration while in its
austenitic phase. It is then cooled so that it transforms to the martensitic
phase, and thereby undergoes deformation to a second configuration. The
strain imparted to the disc clamp is recovered when the disc clamp is
subsequently heated so that it transforms back to the austenitic phase, and
accordingly regains its first configuration.

Various SMA are commercially available and a suitable choice may
be made, as will be understood by a person skilled in the art. For example,
relevant considerations may be based on the temperatures to which the
disc clamp will be exposed before, during and after installation, and to the

physical requirements placed on the disc clamp when in use. Other factors

example, a SMA consisting essentially of nickel, titanium and copper is
known to display high strength, stability, and good workability and
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machinability, and may be selected for use in fabricating the disc clamp.
Another example is a nickel-titanium alloy.

According to the preferred embodiment, the disc clamp 20 is
annular with a uniform cross-section. When placed over the disc 14, a
lower surface of the disc clamp is adjacent to an upper surface 54 of the
disc. The lower surface of the disc clamp includes a convex ring 56 which
comes into contact with the upper surface 54 of the disc 14. The ring 56 is
concentric with the inner 58 and the outer circumference 60 of the disc
clamp 20, and provides for a line contact with the disc 14. The inner |
circumference of the disc clamp includes a chamfer 62 where the inner
surface 58 of the disc clamp meets the upper surface 64 of the disc clamp.

The disc clamp 20 is first fabricated in its austenitic phase with the
inner diameter of the disc clamp wider than the stem 46 of the spindle hub,

- but smaller than the ledge 50 of the spindle hub. It is then cooled so that

the SMA transforms to its martensitic phase. The disc clamp is thus caused.
to have an inner diameter wider than the ledge of the spindle hub, and can
then be placed over the spindle hub to rest on the disc, as shown in FIG. 2.
After the disc clamp is properly positioned, localized heat is applied to the
disc clamp so that it undergoes a phase transformation back to its
austenitic phase and reverts to its original shape. As the inner diameter of
the disc clamp shrinks, the disc clamp 20 inserts itself into the groove 48 of

.the spindle hub. At the same time, axial expansion causes the chamfer 62 to

slidably engage the inclined surface 51 of the ledge 50 of the spindle hub,
as shown in FIG. 3. The original thickness of the disc clamp is designed to
be slightly greater than the width of the groove, less the thickness of the
disc, so that the resistance of the spindle hub to the axial expansion of the
disc clamp provides the required clamping force.

In an alternative embodiment, the disc clamp may be reworked !
while in its martensitic phase which is characterized by relatively low yield !
strength, thus facilitating the assembly process. |
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It can be seen from the foregoing that the present invention allows
the assembly time to be reduced since ho screws are required. The
fabrication of the disc clamp and of the spindle hub are also simplified
sihce no threaded holes need to be made. In addiﬁon, it is found that there
is less distortion of the disc because the clamping force is distributed
uniformly on the disc. |

Compared to conventional disc clamps, a disc clamp of the present
invention can provide the same clamping force although fabricated with a
smaller outer diameter. In other words, the present invention provides an
important advantage in that more disc surface can therefore be released for
use in data storage. This is illustrated in FIG. 4 where the dashed line 66
indicates the usual size of a conventional disc clamp and the disc clamp of
the present invention is shown in a solid line 68.

In an alternative embodiment, the disc stack may include a plurality
of discs, interleaved with spacers, mounted on the spindle hub and secured
together by a disc clamp of the presenf invention. In the case of a plurality
of discs, the disc clamp 20 will be between the top-most disc 14-and the
ledge 50 of the spindle hub. The original thickness of the disc clamp is
fabricated to be slightly more than the clearance between the top-most disc
and the ledge.

Alternatively, embodiments of the present invention may be
described as follows: _ o

A disc stack 40 for use in a disc drive 10 includes a plurality of discs
14 in a vertically interleaved aﬁangement with spacers 18, mounted ona
spindle hub 44. The bottom-most disc 14 rests on a shoulder 52 of the
spindle hub. The spindle hub 44 is configured with a groove 48 that is
defined by the shoulder 52 and a ledge 50. In the groove 48 is an annular
disc clamp 20 has a first surface 56 configured for abutment with the top-
most disc 14 and a second surface 62 configured for abutment with the
ledge 50. Preferably the disc clamp 20 is made from a shape memory alloy.
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The disc clamp 20 in an austenitic phase has a thickness that is greater than |
the clearance between the ledge 50 and the top-most disc 14. The disc
clamp 20 in a martensitic phase has an inner diameter that is greater than
the diameter of the ledge 50, and in an astenitic phase has an inner |
diameter that is less than the diameter of the ledge 50. The ledge 50
includes an inclined surface 51 éorifigured for mating with the inclined
second surface 62 of the disc clarhp. The first surface 56 is a convex portion
of a lower surface of the disc clamp such that the first surface 56 provides a
line contact with the top-most disc 14. The present invention is also
applicable to a disc stack 40 with ohly one disc 14.

It is to be understood that even though numerous characteristics and
advantages of various embodiments of the present invention have been set
forth in the foregoing description, together with details of the structure and
func_tion of various embodiments of the invention, this disclosure is
illustrative only, and changes may be made in detail, especially in matters
of structure and arrangement of parts without departing from the scope

and spirit of the present invention.
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Claims

What is claimed is:

A disc stack for use in a disc drive, the disc stack comprising;

a spindle hub comprising:

a groove defined by a ledge and a shoulder;
an annular disc having an upper surface and a lower surface, the
lower surface being in contact with the shoulder;

a clearance defined between the upper surface of the disc and the

ledge; and

an annular disc clamp located in the groove, the disc clamp
comprising: |

a first surface confighred for abutment with the upper surface
of the disc; and _ o

a second surface configuréd for abutment with the ledge.

A disc stack of Claun 1 wherein the disc clamp is made from a shape |

memory alloy.

A disc stack of Claim 2 wherein the disc clamp in an austenitic

phase has a thickness that is greater than the clearance.

A disc stack of Claim 2 wherein the disc clamp in a martensitic
phase has an inner diameter that is greater than the diameter of the
ledge.

A disc stack of Claim 2 wherein the disc clamp in an austenitic
phase has an inner diameter that is less than the diameter of the
ledge.
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A disc stack of Claim 5 wherein the ledge includes an inclined
surface configured for mating with the sécond surface of the disc

clamp, and wherein the second surface is inclined.

A disc stack of Claim 2 wherein the first surface is a convex portion
of a lower surface of the disc clamp such that the first surface

provides a line contact with the disc.

A disc drive comprising;:
a disc stack comprising:

a spindle hub comprising: _

a groove of a width defined by a ledge and a shoulder;

a plurality of discs having a bottom-most disc resting on the |
shoulder and a top-most disc defining a clearance with the ledge;

spacers in a vertically interleaved arrangement with the discs,
an annular disc clamp in the groove compriéing:

a first surface configured for abutment with the top-most
disc; and

a second surface configured for abutment with the ledge.

A disc stack of Claim 8 wherein the disc clamp is made from a shape
memory alloy.

A disc stack of Claim 9 wherein the disc clamp in an austenitic
phase has a thickness that is greater than the clearance.

A disc stack of Claim 9 wherein the disc clamp in a martensitic
phase has an inner diameter that is greater than the diameter of the
ledge.
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A disc stack of Claim 9 wherein the disc clamp in an austenitic
phase has an inner diameter that is less than the diameter of the
ledge.

A disc stack of Claim 12 wherein the ledge includes an inclined
surface configured for mating with the second surface of the disc

clamp, and wherein the second surface is inclined.

A disc stack of Claim 9 wherein the first surface is a convex portion
of a lower surface of the disc clamp such that the first surface -

provides a line contact with the top-most disc.

A disc drive comprising:
a spindle motor;
at least one disc positioned on the spindle motor; and

means for securing the at least one disc to the spindle motor.



