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Disc Clamping System for a Hard Disc Drive

This invention relates generally to the field of hard disc drive data storage
devices, or disc drives, and more specifically, but not by way of limitation, to a system
for clamping the discs in fixed relationship to the hub of a spindle motor used to rotate
the discs.

Disc drives of the type known as “Winchester” disc drives are well known in the
art. Such disc drives include at least one rigid disc mounted for rotation at a constant
speed on a hub of a spindle motor. The spindle motor is typicall_y of the brushiess DC
type. The discs are coated with a magnetizable medium used to store, or write, and
retrieve, or read, digital data.

An actuator assembly is provided to mount a plurality of read/write heads and
move the heads in a controlled manner to any desired one of plurality of circular,

: concentnc tracks on the disc surface.

Figure 1 is a plan view of a known type of disc drive 2. The disc drive 2
includes a base member 4 to which all other components are either directly or indirectly
mounted. A top cover 6, shown in partial cutaway, attaches to the base member to form
a sealed housing within which the delicate read/write components are protected from
outside contaminants.

The disc drive 2 includes at least one disc 8 mounted for rotation on a spindle
motor (not shown) and held in place by a disc clamp 10, A plurality of read/write heads
(one shown at 12) is mounted via flexure assemblics 14 to head mounting arms 16 which
are integral portions of an actuator body 18 adapted to pivot about a pivot shaft 20 under
control of an actuator motor, shown generally at 22. When the actuator motor 22 drives
the actuator body 18 about the pivot shaft 20, the heads 12 are controllably moved back
and forth along arcuate path 24 to any desired one of a plurality of circular, concentric
data tracks (not shown) on the disc surface,

One of the areas of disc drive design which receives a great deal of attention is

the apparatus used to secure the discs to the hub of the spindle motor. In a typical disc
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drive, the hub of the spindle motor includes a cylindrical disc mounting area which has
an outer diareter substantially the same as the inner diameter of the discs. At one end
of this disc mounting area, usually at the end toward the disc drive housing base
member, is a radially extending disc mounting flange, which forms a platform against
which an area local to the inner diameter of a disc can rest. In disc drives employing
more than one disc, annular spacers are interposed between adjacent discs about the
spindle motor hub to form a “disc stack™ made up of disc/spacer/disc until all of the
discs in the disc drive are stacked on the hub. Finally, to secure the disc stack to the
spindle motor hub, some type of clamping device is employed to squeeze the disc stack
against the disc mounting flange. It is this clamping which is critical to the proper
operation of the disc drive. "

In order for the disc drive to operaie as intended, the clamping force used to
secure the disc stack to the spindle motor hub must fall within a certain range: too little
clamping force, and the discs might shift radially or circumferentially within the plane
normal to the spindle motor’s spin axis, while too great a clamping force might distort
the discs themselves from the flatness necessary to properly “fly” the read/write heads.

One type of typical prior art disc clamp is stamped from sheet material, and has
an outer diameter slightly larger that the inner diameter of the discs. This type of clamp
is then stamped to form a circumferential corrugation near the outer edge, and screw
holes are’ formed mating with corresponding tapped holes in the upper surface of the
spindle motor hub. When screws are inserted through the clamp and torgued into the
spindle motor hub, the lower surface of the ¢ircumferential corrugation contacts the
upper surface of the top disc in the disc stack near its inner diameter, capturing and
squeezing the disc stack between the disc clamp and the disc mounting flange on the
spindle motor hub. Such a disc clamp is shown in U.S. 5,295,030, issued March 15,
1994, assigned to the assignee of the present invention and incorporated herein by
reference.

One drawback with this type of disc clamp is that the heads of the screws used to
secure the disc clamp project above the disc clamp and contribute to thc overall height of
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the disc drive. With current designs of disc drive, great emphasis is placed on reducing
the overall disc drive height, and utilizing all available disc drive height for operational
components, i.e., discs and heads. In such designs, it is clearly undesirable to waste
vertical space with projecting screw heads.

An example of such a disc drive is shown in Figure 2, which is a section
elevation view of a spindle motor/disc stack assembly 30 from the prior art. The spindle
motor (not separately designated) includes a stationary shaft 32 which supports upper and
lower ball bearing assemblies 34. The inner races (not scparately designated) of the ball
bearing assemblies 34 are fixed in relation to the stationary shaft 32, while the outer
races (again not designated) of the ball bearing assemblies 34 mount and support a
spindle motor hub 36 for rotation about the stationary shaft 32. The spindle motor hub
36 includes a motor component portion 38 which surrounds the permanent magnets and
stator laminations and coils (all not designated), and a disc mounting portion 40,

This disc mounting portion 40 is shown to be substantially the same diameter as
the inner diameter of the discs 8. The configuration shown includes two discs 8, with
the lower of the two discs 8 resting on a disc mounting flange 42 which is an integral |
part of the spindle motor hub 36 and extends radially beyond the disc mounting portion
40 of the spindle motor hub 36 and under the inner diameter of the lower disc 8. The
two discs are separated by a disc spacer 44.

Also shown is a disc clamp 46, This disc clamp 46 is of the type previously
discussed and is formed from sheet metal in the form of a disc. Proximate the outer
edge of the disc clamp 46, a circumferential corrugation 48 is formed projecting toward
the top surface of the upper disc 8. The disc clamp 46 also includes a plurality of holes
(not designated) through which screws 50 are driven into tapped holes (also not
designated) in the spindle motor hub 36. When the screws 50 are tightened, the lower
surface of the circumferential corrugation 48 contacts the top surface of the upper disc 8,
and as the screws 50 continue to be tightened, the outer portion of the disc clamp 46 is
bent upward, providing a controlled clamping force on the discs 8 and disc spacer 44.
This type of disc clamp was frequently used because of the relative ease with which the



clamping force could be selected and controlled. That is, by selection of the disc clamp
material, thickness and dimensions, the amount of force applied to the disc stack by the

deformation of the clamp by the pressure of the screws could be both easily selected and
easily controlled,

The particular drawback with this type of clamp is also evident from the figure.
Since the screws 50 are driven through the disc clamp 46 into the spindle motor hub 36,
the heads of the screws project significantly above the spindle motor. This causes the
space above the spindle motor and below the top cover 6 o be relatively large, thus
"wasting" vertical space in the overall disc drive.

In order to minimize wasted vertical space, it has become common to utilize
clamp rings which engage the outer surface of the top of the spindle motor hub and lie
in the vertical plane of the topmost head on the upper surface of the top disc. This type
of clamp ring is exemplified by those shown in U.S. 4,933,785, issued June 12, 1990
(Prairietek) and in various products manufactured by the assignee of the present
invention. In the former (Prairietek), and in various products manufactured by the
assignee of the present invention. In the former of these examples, the inner surface of
the clamp ring is tapped and screwed onto mating threads formed ou the outer surface of
the spindle motor hub. While this technique does contribute to lowering the overail
height of the unit, it is costly to form the threads, and difficult to closely control the even
distribution of the pressure applied to the disc stack.

In the latter of these examples. the ¢clamp ring is heated to expand the clamp ring,
the expanded clamp ring is placed over the top of the spindle motor hub and the desired
clamping force is exerted on the clamp ring in an axis normal to the disc surfaces. The
clamp ring is then allowed to cool and contract, locking the inner surface of the clamp
ring in engagement with the outer surface of the spindle motor hub with the desired
compressive force being applied to the disc stack, With this type of "heat-expanded”
clamp ring, it is much easier to control the even distribution of clamping force than it is

with the threaded clamp previously discussed.



The heat-expanded clamp ring of the prior art does, however, have a
disadvantage of its own. Typical heat-expanded disc clamp rings are formed with a
stepped surface on the lower surface which creates a disc contact surface closely adjacent
the outermost edge of the disc clamp which contacts the disc stack, leaving an annular air
gap above the top disc between the disc contact surface and the outer surface of the
spindle motor hub. The material of the disc clamp between the hub and the disc contact
surface acts as a "cantilever spring”. This type of heat-expandable disc clamp, however,
has a very large "spring rate”, on the order of 7880N/mm to 105S00N/mm (45 to 60
thousand pounds/inch). This means that very slight variations in the final vertical
position of the clamp ring on the spindle motor hub result in undesirably wide variations
in the clamping force applied to the disc stack.

An example of such a disc drive is shown in Figure 3, which is a section
clevation view. As in the discussion of Figure 2 above, this configuration includes two
discs 8 and a stationary shaft 52 on which are mounted upper and lower ball bearing
assemblies 54. The spindle motor hub 56 is mounted to the outer races of the ball
bearing assemblies 54 for rotation, and the spindle motor hub includes a cylindrical disc
mounting portion 58 with an outer diameter substantially equal to the inner diameter of
the discs 8. A disc spacer 44 is also shown, to maintain desired spacing between the
discs 8,

Figure 3 also shows a heat-expandable disc clamp ring 60, which has several
functional features. As can be seen in the figure, the lower surface of the disc clamp
ring 60 is stepped to form a disc stack contact surface 62 near its outer diameter. The
innermost surface of the disc clamp ring 60 forms a hub contact surface 64 which
engages a mating portion of the spindle motor hub 56. The spindle motor hub 56 and
disc clamp ring 60 are dimensioned such that the outer diameter of the spindle motor hub
56 is slightly larger than the inner dimension of the disc clamp ring 60 when the parts
are fabricated. Assembly of the disc clamp ring 60 onto the spindle motor hub 56 is
accomplished by heating the disc clamp ring 60 to a temperature significantly higher than

the ambient temperature at which the disc drive is intended to operate. This heating



causes the disc clamp ring 60 to expand, increasing the inner diameter to a size greater
than the outer diameter of the spindie motor hub 56. The heated disc clamp ring 60 is
then positioned over the top of the spindle motor hub 56 and pressed downward with a
desired clamping force with the disc stack contact surface 62 contacting the top of the
disc stack. In the specific configuration shown, a flat washer 66 is interposed between
the clamp ring 60 and the top disc 8 to aid in the even distribution of the clamping force
about the inner portion of the disc stack.

As will be appreciated by those skilled in the art, this type of disc clamping
system is much less labour intensive than the screwed-down clamp scheme described
above in relationship to Figure 2. This type of disc clamping does, however, entail a
significant area of concern if used in a high volume manufacturing environment.

When assembled in the configuration of Figure 3, the disc clamp ring 60 acts as a
spring with a relatively large spring constant. That is, when the disc clamp 60 has been
allowed to cool and shrink into fixed engagement with the spindle motor hub 56, the
inner extreme of the disc clamp ring 60 is held stationary, while the disc stack contact
surface 62 lies at the opposite end of a clamp spring member 68, which acts as a
cantilever beam stressed by the downward force exerted on the disc clamp ring 60 during
assembly. As discussed above, the spring constant of a typical disc clamp ring from the
prior art would commonly lie in the range of 7880N/mm to 10500N/mm (45 - 60
thousand pounds/inch), which means that even slight variations in the vertical position of
the hub contact surface 64 on the spindle motor hub 56 would cause undesirably wide
variations in the clamping force applied to the disc stack at the disc stack contact surface
62.

Another problem with known clamping systems is that of providing some way of
easily allowing disassembly so that parts can be repaired or reused.

Retumning to Figure 3, shown is a prior art solution to the problem of rewotk and
repair of the spindle motor/disc stack assembly. Specifically, the figure shows a bevel
96, which is one of a plurality of such bevels spaced about the upper end of the spindle

motor hub 56 above the disc mounting portion 58. Since the inner surface of the dis¢
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clamp ring 60 is a continuous cylindrical surface in this prior art clamping system, these
bevels 96 provide locations at which a clamp removal tool (not shown) may be inserted
and brought to bear on the inner surface of the disc clamp ring 60. Such a clamp
removal tool may be of the type which will heat the disc clamp ring 60 and thus expand
the disc clamp ring 60 for removal from the assembly, or it may be a simple mechanical
tool which exerts sufficient force on the inner surface of the disc clamp ring 60 to
"yield” the material and allow removal.

‘While this combination of bevels 96 on the spindle motor hub 56 does allow for
removal of the disc clamp ring 60, it does bear a severe cost burden. That is, the cost of
machining the bevels 96 in the spindle motor hub 56 may run to several U.S. dollars per
disc drive, This is a consequence to be avoided if possible in the disc drive industry,
since disc drives are made iﬁ very high numbers and are always under extreme market
pressures to reduce manufacturing costs and subsequent customer pricing.

It would, therefore, be desirable to provide a disc clamping system which
provides both the easily controlled clamping force of the sheet metal disc clamp with the
ease of manufacturing and lowered cost of the heat-expanded disc clamp.

It is an object of the invention to provide a disc clamping system which
minimizes the overall height of the disc drive.

It is another object of the invention to provide a disc clamping system in which
the amount of clamping force applied to the disc clamp is easily controlled.

It is another object of the invention to provide a disc clamping system which
consists of inexpensively made components, and is easily assembled in a large scale
manufacturing environment.

According to one aspect of the present invention, there is provided apparatus for
clamping at least one disc to the hub of a disc drive, the apparatus comprising a
resiliently deformable member for mounting on the hub, and a heat-expandable clamp
member for mounting on said hub such that in normal usc of the disc drive the clamp
engages the hub and causes the resiliently deformable member to deform and thereby

clamp the disc or discs to the hub.

ThlS Sheet Has Been R,

U



8 THIS SHEET HAS BEEN
REPLACED

Preferably, the clamp member is such that when heated it expands so that has a
sliding fit with the hub, and such that when the disc drive is at its usual operating
temperature the clamp member forms an interference fit with the hub,

Because resilience is provided in the clamping apparatus, minor changes in the
position of the clamp member will not produce drastic changes in the clamping force, in
contrast to the prior art described with reference to Figure 3.

According to another aspect of the present invention, there is provided a method
of clamping a disc to the hub of a disc drive, the method comprising mounting a
resiliently deformable member on the hub for clamping the disc, heat-expanding a clamp
member, mounting the clamp member on the hub, applying pressure to the clamp
member 50 that it presses against the resiliently deformable member to deform it, and
allowing the clamping member to cool so that it forms an interference fit with the hub,
thereby causing the clamp member to clamp the disc.

In one embodiment there is provided a disc clamping system which includes a
modification to the spindle motor hub to provide a cylindrical disc clamp mounting
portion having a diameter less than the inner diameter of the discs, a disc clamp spring
member formed from sheet material having a central opening with a diameter
substantially equal to the outer diameter of the disc clamp mounting portion of the
spindle motor hub and an outer diameter slightly larger than the inner diameter of the
discs, and a heat-expandable disc clamp ring also having an inner diameter substantially
equal to the disc clamp mounting portion of the spindle motor hub. In use, the disc
clamp spring member is placed over the disc clamp mounting portion of the spindle
motor hub, with a circumferential corrugation proximate the outer edge of the disc clamp
spring member contacting the top sucface of the top disc in the disc stack near the inner
diameter of the disc. The heat-cxpandable disc clamp xing is then heated to expand the
disc clamp ring, and the disc clamp ring is placed over the disc clamp mounting portion
of the spindle motor hub contacting the inner diameter of the disc clamp spring member,
and pressing on the inner diameter of the disc clamp spring member until the desired

clamping force is developed at the circumferential corrugation of the disc clamp spring
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member. The disc clamp ring is then allowed to ¢ool, bringing the innexrmost surface of
the disc clamp ring into contact with the outer surface of the disc clamp mounting
portion of the spindle motor, locking the discs into a fixed relationship with the spindle
motor hub, A balancing element to maintain the balance of the entire motor/disc stack
assembly may also be provided.

In another aspect of the invention, features are provided in the disc clamp ring to
facilitate the removal of the disc clamp clements for rework during manufacture or
Tepair,

For a better understanding of the invention an embodiment will now be
described, by way of example, with reference to the accompanying drawings, in which:

Figure 1 is a plan view of a disc drive in which the present invention is
particularly useful.

Figure 2 is a section elevation view of a spindie motor/disc stack asserbly
showing a prior art disc clamping system,

Figure 3 is a section elevation view of a -spindle motor/disc stack assembly
showing a second prior art disc clamping system.

Figure 4 is an exploded perspective view showing the clamping system of an
embodiment of the present invention.

Figure 5 is a section elevation view of a spindle motor/disc stack assembly
showing the clamping system of the embodiment of the present invention.

Figure 4 shows an exploded perspective view of the major elements in the disc
clamping system. Such a clamping system is particularly useful in a disc drive of the
type illustrated in Figure 1. The first element contributing to the clamping system is a
specially configured spindle motor hub 70. As in the prior art examples discussed
above, the spindle motor hub 70 includes a cylindrical disc mounting portion 72 and a
radially extending disc mounﬁng flange 74 at one end of the disc mounting portion 72.
As is well known to those of skill in the art, the diameter of the disc mounting portion 72
of the spindle motor hub 70 is slightly less than the diameter of the central opening 76 in
the discs 8 to facilitate the assembly of the discs 8 onto the spindle motor hub 70 and to
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allow for differential thermal expansion of these major components. A disc spacer 44 is
also shown in Figure 4. Again, it should be noted that although a two disc configuration
is illustrated, the present invention is suitable for configurations featuring both greater or
lesser numbers of discs.

A cylindrical disc clamping portion 78 of the spindle motor hub is located at a
second end of the disc mounting portion 72 opposite the disc mounting flange 74, is
coaxial with the disc mounting portion 72 and the disc mounting flange 74, and has a
diameter less than the diameter of the disc mounting portion 72.

A second element of the disc clamping system is a disc clamp spring member 80,
formed from planar sheet material. As the figure shows, the disc clamp spring member
80 has a central opening 82 which is envisioned to be slightly larger than to the diameter
of the disc clamping portion 78 of the spindle motor hub 70, to facilitate assembly. The
disc clamp spring member 80 has an outer diameter which is larger than the diameter of
the central opening 76 of the discs 8 and includes a circumferential corrugation 84
formed near the outer diameter to form a contact surface (designated 86 in Figure 5) at
the botitom of the circumferential corrugation 84.

The third major element of the disc clamping system is a clamp ring 88, which
has an inner diameter selected to lock onto the disc clamping portion 78 of the spindle
motor hub 70, That is, the inner diameter of the clamp ring 88 is nominally slightly
smaller than the outer diameter of the disc clamping portion 78 of the spindle motor hub
70 when all components of the assembly arc within the specified operational temperature
range of the disc drive.

When assembling a disc drive incorporating the clamping system, the discs 8 and
any associated spacers 44 are passed over the disc mounting portion 72 of the spindle
motor hub 70 and brought to rest on the disc mounting flangc 74, The disc clamp spring
member 80 is then placed over the disc clamping portion 78 with the contact surface 86
resting on the upper surface of the topmost disc 8 in the disc stack. The clamp ring 88 is
then heated and expanded to allow the clamp ring 88 to fit over the disc clamping portion

78 and brought to bear against the disc clamp spring member 80 in an arca closely
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adjacent the central opening 82 in the disc clamp spring member 80. Pressure is then
applied to the clamp ring 88 to deform the disc clamp spring member 80 and apply the
desired clamping force to the disc stack through the contact surface 86. The clamp ring
88 is allowed to cool in this position, and the contraction of the clamp ring 88 due to this
cooling results in an interference fit between the clamp ring 88 and the disc clamping
portion 78 of the spindle motor hub 70.

The relationship of the elements as assembled is best seen in Figure 5, which is a
section elevation view, showing the assembled relationship of the elements discussed
above. As shown in Figure 5, the spindle motor (not separately designated) includes a
stationary shaft 90, fixedly attached to the base member 4 and top cover 6 of the disc
drive. Since the method of attaching this shaft 90 to the housing members is not
considered a part of the present invention, no further discussion of this attachment will
be made here.

The figure clearly shows that the spindle motor hub 70 includes a disc mounting
portion 72 with a disc mounting flange 74 located at a first end thereof. In the example
illustrated in Figure 5, two discs 8 with 2 single spacer 44 make up the disc stack. The
number of discs 8 and spacers 44 is not, and should not be considered to be, limiting to
the scope of the present invention. As can be seen, the disc mounting portion 72 of the
spindle motor hub 70 has a diameter slightly less than the inner diameter of the discs 8
and spacer 44, to allow the discs 8 and spacer 44 to be assembled onto the spindle motor
hub 70. The figure also shows the disc clamping portion 78 of the spindle motor hub 70
to have a diameter significantly less than the diameter of the disc-mounting portion 72.
The disc clamp spring member 80 is shown with its contact surface 86 bearing on the
inner portion of the top disc 8, while its central opening 82 can be seen to have a
diameter intended to closely cooperate with the disc clamping portion 78 of the spindie
motor hub 70.

As the figure illustrates, the clamp ring 88 is engaged with the outer surface of
the disc clamping portion 78 of the spindle motor hub 70, and also with the upper
surface of the spring member 80 at a location closely adjacent the central opening 82 in



12
the spring member 80. The clamping force applied to the discs 8 is provided when the

clamp ring 88 presses downward on the inner portion of the spring member 80 and
deforms the spring member 80 from its unloaded condition (shown in Figure 5 by the
dashed line) to its Joaded condition. The clamp ring 88 also includes a bevel 92 on its
outer lower corner, which is at an angle greater than that assumed by the inner portion of
the spring member 80 when in its assembled loaded condition. This bevel 92 ensures
that the contact between the clamp ring 88 and the spring member 80 is restricted to a
single circular contact area.

It will be apparent to a person of skill in the art that the disc clamping system
described allows for easily selectable and controllable clamping force. That is, once a
desired clamping force is determined (based on the number of discs in the stack,
specified mechanical shock loads, and other known conditions), it is a relatively casy
exercise in proper engineering techniques to sele& a material and dimensions for the
spring member 80 and calculate how much force must be applied by the clamp ring 88 to
the spring member 80 to created the desired clamping force,

Furthermore, since the resilience of the clamping system resides in the spring
member 80 and not in the heat-expandable clamp ring as in the prior art of Figure 3,
minor variations in the final vertical position of the clamp ring 88 will not produce
drastic changes in the clamping force, as was noted above in the discussion of Figure 3.

Figure 5 also shows a balance clip 94 mounted to the outer surface of the clamp
ring 88. This balance clip 94 is envisioned to be of the type disclosed in copending U.S.
Patent Application No. 08/371,843, filed 12th January 1995, assigned to the assignee of
the present invention and incorporated herein by reference as if included here in its
eatirety. A copy of this U.S. patent application is filed herewith. The balance clip 94 is
an optional feature which may improve the performance of the disc drive.

In another aspect of the present invention, certain features are included in
clements of the clamping system to facilitate rework during the manufacturing operation
or repair of the disc drive unit after manufacture. Such rework or repair may become

necessary and it is always desirable to salvage as many "good" components as possible to
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minimize costs. Should some fault be detected in the spindle motor/disc stack area, it
would be desirable to provide some way of easily removing the clamping system to allow
disassgmbly.

Turning again to Figure 4, an adaptation of components to allow disassembly as
provided by the disc clamping system can be seen. Specifically, an examination of
Figure 4 will show that the disc clamping portion 78 of the spindie motor hub 70 is a
simple cylindrical surface, thus eliminating the costly machining of bevels, as shown in
the prior art of Figure 3. Instead, the disc clamp ring 88 includes a plurality of notches
98, spaced about the inner surface of the disc clamp ring 88, allowing the insertion of a
disc clamp removal tool (again not shown) as described above. Moreover, since the disc
clamp ring 88 may be formed using an extrusion process, the notches 98 can formed by
the extrusion die, and thus add no additional cost to the disc drive.

It will be clear that the clamping system described is well adapted to carry out the
objects and attain the ends and advantages set forth above, as well as those inherént
therein. While a presently preferred embodiment has been described for purposes of this
- disclosure, numerous changes may be made which will readily suggest themselves to
those skilled in the art and which are encompassed in the spirit of the invention disclosed

and as defined in the appended claims.
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1. Apparatus for clamping at least one disc to the hub of a disc drive, the apparatus
comprising a resiliently deformable member for mounting on the hub, and a heat-
expandable clamp member for mounting on said hub such that in normal use of the disc
drive the clamp engages the hub and causes the resiliently deformable member to deform

and thereby clamp the disc or discs to the hub.

2. Apparatus according to claim 1, wherein the ¢clamp member has at least one notch

formed therein for cooperating with a clamp member removal tool.

3. Apparatus according to claim 1 or 2, wherein the resiliently deformable member
is deformed by contact with a corner of said clamp member, whereby the area of contact

between the members is minimised.

4, Apparatus according to claim 1, 2 or 3, wherein a balancing element is mounted

on the clamp member for balancing the clamp member.

S. Apparatus according to any one of the preceding claims, wherein the resiliently
deformable member is formed from sheet metal and includes a circumferential

corrugation for acting on the disc or diss.

6. A disc drive comprising a hub rotatably mounted about a shaft, characterised in
that the disc or discs of the disc drive are clamped to the hub by a clamping system

according to any one of the preceding claims.
7. A method of clamping a disc to the hub of a disc drive, the method comprising

mounting a resiliently deformable member on the hub for clamping the disc, heat-

expanding a clamp member, mounting the clamp member on the hub, applying pressure

* c L L} § *
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to the clamp member so that it presses against the resiliently deformable member to
deform it, and allowing the clamping member to cool so that it forms an interference fit

with the hub, thereby causing the clamp member to clamp the disc.

8. A disc clamping system for use in a disc drive including a spindle motor having a
hub for mounting at least one disc for rotation, the hub including a cylindrical disc
mounting portion having a first diameter and a disc flange extending radially outward
from the first diameter at one end of the disc mounting portion, the disc clamping system
for clamping said at least one disc against the disc flange comprising:

a cylindrical disc clamping portion of the hub, located at a second end of the disc
mounting portion opposite the disc flange, having a second diameter less than said first
diameter,;

a spring member, formed of a substantially planar material in the shape of a disc
with a diameter larger than the first diameter, and having a circumferential corrugation
ciosely adjacent the outer extreme of the spring member forming a spring member
contact surface for engagement with the upper surface of said at least one disc near the
inner diameter of the disc, the spring member having a central opening substantially
equal to the second diameter and fitting over the disc clamping portion of the hub; and

a heat-expandable clamp ring having an inner diameter substantially the same as
the second diameter and an inner surface for engaging the disc mounting portion of the
hub and 2 lower ciamp ring contact surface bearing on the spring member closely
adjacent the central opening of the spring member and deforming the spring member to
create a clamping force transferred to said at least one disc through the spring member
contact surface.

9. A disc clamping system as claimed in claim 8 wherein the clamp ring further

comprises a plurality of notches in the inner surface of the clamp ting.
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ABSTRACT
Disc Clamping System for a Hard Disc Drive

A disc clamping system, for clamping at least one disc in a disc stack (8) in a disc
drive against a disc flange (74) on the hub (70) of a spindle motor at one end of a disc
mounting portion (72) of the spindle motor hub (70), Which includes a cylindrical disc
clamping portion (78) of the hub (70) at the opposite end of the disc mounting portion of
the hub from the disc flange (74) and has a diameter less than the disc mounting portion
(72) of the hub (70), a spring member (80) formed from planar material which includes a
circumferential corrugation near (84) its outer extreme and a central opening (82)
dimensioned to fit ovef the disc clamping portion (78) of the hub (70), and a heat
expandable clamp ring (88), dimensioned to fit over and engage the disc clamping
portion (78) of the hub (70), the clamp ring (88) simultaneously pressing against the
spring member (80) closely adjacent the central (82) opening in the spring member (80)
and deforming the spring member (80) to produce a clamping force transferred to the
discs (8) via a contact surface formed by the circumferential corrugation (84). Ina
second aspect of the invention, the clamp ring (88) includes a plurality of notches (98)

on its inner surface allowing the insertion of a clamp removal tool to facilitate rework

and repair.

(Fig. 4]
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1
Disc Clamping System for a Hard Disc Drive

This invention relates generally to the field of hard disc drive-data storage
devices, or disc drives, and more specifically, but not by way of limitation, to a system
for clamping the discs in fixed relationship to the hub of a spindle motor used to rotate
the discs.

Disc drives of the type known as “Winchester” disc. drives are well known in the
art. Such disc drives include at least one rigid disc mounted for rotation at a constant
speed on a hub of a spindle motor. The spindle motor is typically of the brushless DC
type. The discs are coated with a magnetizable.mec.:lium used to store, or write, and
retrieve, or read, digital data.

An actuator assembly is provided to mount a plurality of read/write heads and
move the heads in a controlled manner to any desired one of plurality of circular,
concentric tracks on the disc surfacé.

Figure 1 is a plan view of a known type of disc drive 2. The disc drive 2
includes a base member 4 to which all other components are either directly or indirectly
- mounted. A top cover 6, shown in partial cutaway, attaches to the base member to form
a sealed housing within which the delicate read/write components are protected from
outside contaminants.

The disc drive 2 includes at least one disc 8 mounted for rotation on a spindle
motor (not shown) and held in place by a disc clamp 10. A plurality of read/write heads
(one shown at 12) is mounted via flexure assemblies 14 to head mounting arms 16 which
are integral portions of an actuator body 18 adapted to pivot about a pivot shaft 20 under
control of an actuator motor, shown generally at 22. When the actuator motor 22 drives
the actuator body 18 about the pivot shaft 20, the heads 12 are controllably moved back
and forth along arcuate path 24 to any desired one of a plurality of circular, concentric
data tracks (not shown) on the disc surface.

One of the areas of disc drive design which receives a great deal of attention is

the apparatus used to secure the discs to the hub of the spindle motor. In a typical disc
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ABSTRACT

Disc Clamping System for a Hard Disc Drive

A disc clamping system, for clamping at least one disc in a disc stack (8) in a disc
drive against a disc flange (74) on the hub (70) of a spindle motor, which includes a
cylindrical disc clamping portion (78) and has a diameter less than the disc mounting
portion (72) of the hub (70), a spring member (80) formed from planar material which
includes a circumferential corrugation near (84) its outer extreme and a central opening
(82) dimensioned to fit over the disc clamping portion (78) of the hub (70), and a heat
expandable clamp ring (88), dimensioned to fit over and engage the disc clamping
portion (78) of the hub (70).

[Fig. 4]



\\IJ

This is the rep\acemem showt
Date: 2 MAY 191 14
—
T

A B I 0 Drawing()  paged ... 1o page .
* [~ L ] s *

L. Apparatus for clamping at least one disc to the hub of a disc drive, the apparatus
comprising a resiliently deformable member for mounting on the hub, and a heat-
expandable clamp member for mounting on said hub such that in normal use of the disc
drive the clamp engages the hub and causes the resiliently deformable member to deform
and-ﬂlcreby clamp the disc or discs to the hub, the clamp member having at least one
notch formed therein for cooperating with a clamp member removal tool.

2. Apparatus for clamping at least one disc to the hub of a disc drive, the
apparatus comprising a resiliently deformable member for mounting on the hub, and a
heat-expandable clamp member for mounting on said hub such that in normal use of the
disc drive the clamp engages the hub and causes the resiliently deformable member to
deform and thereby clamp the disc or discs to the hub, the resiliently deformable
member being deformed by contact with a corner of said clamp member, whereby the
area of contact between the members is minimised.

3.  Apparatus for clamping at least one disc to the hub of a disc drive, the apparatus
comprising a resiliently deformable member for mounting on the hub, a heat-expandable
clamp member for mounting on said hub, such that in normal use of the disc drive the
clamp engages the hub and causes the resiliently deformable member to deform and
thereby clamp the disc or discs to the hub, and a balancing element which is mounted on

the clamp member for balancing the clamp member.

4. Apparatus for clamping at least one disc to the hub of a disc drive, the
apparatus comprising a resiliently deformable member for mounting on the hub, and 2
heat-expandable clamp member for mounting on said hub such that in normal use of the
disc drive the clamp engages the hub and causes the resiliently deformable member to
deform and thereby clamp the disc or discs to the hub, the resiliently deformable
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member being formed from sheet metal and including a circumferential corrugation for

acting on the disc or discs.

5. A disc drive comprising a hub rotatably mounted about a shaft, characterised in
that the disc or discs of the disc drive are clamped to the hub by a clamping system

- according to any one of the preceding claims.

6. A method of clamping a disc to the hub of a disc drive, the method comprising
mounting a resiliently deformable member on the hub for clamping the disc, heat-
expanding a clamp member, mounting the clamp member on the hub, applying pressure
to the clamp member so that it presses against the resiliently deformable member to
deform it, and allowing the clamping member to cool so that it forms an interference fit
with the hub, thereby causing the clamp member to clamp the disc.

7. A disc clamping system for use in a disc drive including a spindle motor having a
hub for mounting at least one disc for rotation, the hub including a cylindrical disc
mounting portion having a first diameter and a disc flange extending radially outward
from the first diameter at one end of' the disc moupting portion, the disc clamping system
for clamping said at least one disc against the disc flange comprising:

a cylindrical disc clamping portion of the kub, located at a second end of the disc
mounting portion opposite the disc flange, having a second diameter less than said first
diameter;

2 spring member, formed of a substantially planar material in the shape of a disc
with a diameter larger than the first diamefer, and having a circumferential corrugation
closely adjacent the outer extreme of the spring member forming a spring member
contact surface for engagement with the upper surface of said at least one disc near the
inner diameter of the disc, the spring member having a central opening substantiaily
equal to the second diameter and fitting over the disé clamping portion of t.he hub; and
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a heat-expandable clamp ring having an inner diameter substantially the same as

the second diameter aid an inner surface for engaging the disc mounting portion of the
hub and a lowér clamp ring contact surface bearing on the spring member closely
adjacent the central opening of the spring member and deforming the spring member to
create a clamping force transferred to said at least one disc through the spring member

contact surface.

8. A disc clamping system as claimed in_claim 7 wherein the clamp ring further
comprises a plurality of notches in the inner surface of the clamp ring.
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clamp ring 60 is a continuous cylindrical surface in this prior art clamping system, these
bevels 96 provide locations at which a clamp removal tool (not shown) may be inserted
and brought to bear on the inner surface of the disc clamp ring 60. Such a clamp removal
tool may be of the type which will heat the disc clamp ring 60 and thus expand the disc
clémp ring 60 for removal from the assembly, or it may be a simple mechanical tool which
exerts sufficient force on the inner surface of the disc clamp ring 60 to “yield” the material
and allow removal.

While this combination of bevels 96 on the spindle motor hub 56 does allow for
removal of the disc clamp ring 60, it does bear a severe cost burden. That is, the cost of
machining the bevels 96 in the spindle motor hub 56 may run to several U.S. dollars per
disc drive. Thisisa consequence to be avoided if possible in the disc drive industry, since
disc drives are made in very high numbers and are always under extreme market pressures
to reduce manufacturing costs and subsequent customer pricing.

An example of prior art clamping methods can be found in EP-A-116118.

It is desired to provide a disc clamping system which provides both the easily
controlled clamping force of the sheet metal disc clamp with the ease of manufacturing and
lowered cost of the heat-expanded disc clamp.

It is an object of the invention to provide a disc clamping system which minimizes
the overall height of the disc drive.

It is another object of the invention to provide a disc clamping system in which the
amount of clamping force applied to the disc clamp is easily controlled.

It is another object of the invention to provide a disc clamping system which
consists of inexpensively made components, and is easily assembled in a large scale
manufacturing environment. '

According to one aspect of the present invention, there is provided apparatus for
clamping at least one disc to the hub of the disc drive, the apparatus comprising a
resiliently deformable member for mounting on the hub, a heat-expandable clamp member
for mounting on said hub such that in normal use of the disc drive the clamp engages the

hub and causes the resiliently deformable member to deform and thereby



This is the rep\ac__:e.r_ngm sheet

2 3 DEC 1838

Date:

clamp the disc or discs to the hub; the resiliently deformable member (80) is formed from
sheet metal and includes a circumferential corrugation (84) for acting on the disc or discs
(8); characterised in that the resiliently deformable member (80) is deformed by contact
with a corner (92) of said clamp member (88), whereby the area of contact between the
members is minimised. |

Preferably, the clamp member is such that when heated it expands so that has a
sliding fit with the hub, and such that when the disc drive is at its usual operating
temperature the clamp member forms an interference fit with the hub.

- Because resilience is provided in the clamping apparatus, minor changes in the
position of the clamp member will not produce drastic changes in the clamping force, in
contrast to the prior art described with reference to Figure 3.

In one embodiment there is provided a disc clamping system which includes a
modification to the spindle motor hub to provide a cylindrical disc clamp mounting portion
having a diameter less than the inner diameter of the disc, a disc clamp spring member
formed from sheet material having a central opening with a diameter substantially equal to
the outer diameter of the disc clamp mounting portion of the spindle motor hub and an
outer diameter slightly larger than the inner diameter of the discs, and a heat-expandable
disc clamp ring also having an inner diameter substantially equal to the disc clamp
mounting portion of the spindly motor hub. In use, the disc clamp spring member is placed
over the disc clamp mounting portion of the spindle motor hub, with a circumferential
corrugation proximate the outer edge of the disc clamp spring member contacting the top
surface of the top disc in the disc stack near the inner diameter of the disc. The heat-
expaﬁdable disc clamp ring is then heated to expand the disc clamp ring, and the disc
clamp ring is placed over the disc clamp mounting portion of the spindle motor hub
contacting the inner diameter of the disc clamp spring member, and pressing on the inner
diameter of the disc clamp spring member until the desired clamping force is developed at

the circumferential corrugation of the disc clamp spring
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CLAIMS:

1. Apparatus for clamping at least one disc (8) to the hub (70) of a disc drive, the
apparatus comprising a resiliently deformable member (80) for mounting on the hub (70), a
heat-expandable clamp member (88) for mounting on said hub (70) such that in normal use
of the disc drive the clamp (88) engages the hub (70) and causes the resiliently deformable
member (80) to deform and thereby clamp the disc or discs (8) to the hub (70); the
resiliently deformable member (80) is formed from sheet metal and includes a
circumferential corrugation (84) for acting on the disc or discs (8); characterised in that the
resiliently deformable member (80) is deformed by contact with a comer (92) of said

clamp member (88), whereby the area of contact between the member is minimised.

2..  Apparatus according to claim 1, wherein the clamp member (88) has at least one

notch formed therein for cooperating with a clamp member removal tool.

3. Apparatus according to claim 1 or 2, wherein a balancing element (94) is mounted

on the clamp member (88) for balancing the clamp member (88).

4, Apparatus as claimed in any preceding claim, in which the hub (70) is rotatably
mounted about a shaft (90) and the disc or discs (8) of the disc drive are clamped to the
hub (70).

5. Apparatus as claimed in any one of claims 1 to 4, wherein the hub (70) includes a
cylindrical disc mounting portion (72) having a first diameter and a disc flange (74)
extending radially outward from the first diameter at one end of a disc mounting portion
(71), further comprising :
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a cylindrical disc clamping portion (78) of the hub (70), located at a second end of
the disc mounting portion opposite the disc flange (74), having a second diameter less than
said first diameter;

the resiliently deformable member (80), formed of a substantially planar material in
the shape of a disc with a diameter lager than the first diameter, and having the
clrcumferentlal corrugation (84) closely adjacent the outfer extreme of the resiliently
deformable member formmg a resilienfly deformable member contact surface (86) for
engagement with the upper surface of said at least one disc (8) near the inner diameter of
the disc, the resiliently deformable member (80) having a central opening substantially
(82) equal to the second diameter and fitting over the disc clamping portion (78) of the hub
(70); and

the heat-expandable clamp (88) has an inner diameter substantially the same as the
second diameter and an inner surface. for engaging the disc mounting portion (78) of the
hub (70) é_nd a lower clamp ring contact surface bearing on the resiliently deformable
member (80) closely adjacent the central opening (82) of the resiliently deformable
member (80) and deforming the resiliently deformable member to create a clamping force
transferred to said at least one disc (8) through the resiliently deformable member contact
surface (86).

6. Apparatus as claimed in claim 5 wherein the clamp (88) further comprises a
plurality of notches (98) in the inner surface of the clamp.
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