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CIRCUMFERENTIALLY EXTENDING DISC 
SNUBBER 

RELATED APPLICATIONS 

This application claims the bene?t of Provisional Appli 
cation No. 60/057,804 entitled C-RING DISC SNUBBER 
FOR NON-OPERATING SHOCK PROTECTION OF A 
DISC DRIVE, ?led Aug. 28, 1997. 

FIELD OF THE INVENTION 

This invention relates generally to the ?eld of disc drive 
storage devices, and more particularly, but not by Way of 
limitation, to minimizing damage to discs of a disc drive in 
response to the application of a non-operational mechanical 
shock to the drive. 

BACKGROUND OF THE INVENTION 

Hard disc drives enable users of computer systems to 
store and retrieve vast amounts of data in a fast and ef?cient 
manner. In a typical disc drive, the data are magnetically 
stored on one or more discs Which are rotated at a constant 

high speed and accessed by a rotary actuator assembly 
having a plurality of read/Write heads that ?y adjacent the 
surfaces of the discs. 

The heads are suspended from ?exure assemblies extend 
ing from arms of the rotary actuator assembly and include 
aerodynamic features that enable the heads to ?y upon an air 
bearing established by air currents set in motion by the 
rotation of the discs. When the disc drive is deactivated, a 
shutdoWn operation is commenced Wherein the heads are 
moved to a safe parking position before the discs come to a 
stop. 

It is a continuing trend in the disc drive industry to 
provide disc drives With ever increasing data storage capaci 
ties using the same or a smaller form factor (i.e., outside 
dimensions) for the drives. As a result, successive genera 
tions of drives are often provided With discs that are closer 
together, reducing disc to actuator arm clearances. At the 
same time, disc drives are being utiliZed in environmentally 
harsher environments, such as portable computers, requiring 
increases in the robustness characteristics of the drives so as 
to Withstand ever greater external vibrational and shock 
input levels. For example, a typical disc drive might be 
required to Withstand up to a 200 g mechanical shock in a 
nonoperating mode. 

Such mechanical shocks can cause signi?cant de?ection 
of the discs, leading to catastrophic damage to the disc 
media and heads. More particularly, disc to arm contact can 
induce a shock Wave large enough to travel doWn to the 
?exure assemblies and heads, causing the heads to lift off of 
the disc surfaces as a result of the relatively ?exible ?exure 
assemblies to Which the heads are attached. The heads can 
thus obtain signi?cant velocities as they accelerate aWay 
from and then back toWard the discs. When such velocities 
are suf?ciently severe, damage can occur to the heads and 
the surfaces of the discs as the heads strike the landing Zone 
portions of the discs. Moreover, should a head tilt during 
such liftoff, a corner of the head can strike the disc surface, 
increasing the probability of damage to the head or the disc. 

Disc snubbers such as disclosed in US. Pat. No. 5,422, 
770 issued Jun. 6, 1995 to Alt (“Alt ’770”) have been 
provided in the prior art in an attempt to limit the de?ection 
of the discs of a disc drive subjected to large nonoperational 
shocks. HoWever, it has been observed that localiZed snub 
bers such as disclosed by Alt ’770 tend to suppress disc 
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2 
de?ection at the snubber location, but the remaining portions 
of the disc still typically de?ect as before. This is particularly 
egregious When discs are fabricated from brittle materials, 
such as glass. Although glass discs are stiffer and possess 
harder surfaces than discs fabricated from aluminum, so that 
glass discs tend to de?ect less than aluminum discs, glass 
discs are more likely to shatter When subjected to high 
amplitude mechanical shocks. 

Accordingly, there is a need for an improved approach to 
minimiZing damage to a disc drive as a result of nonopera 
tional shock by limiting the ability of the discs to contact the 
arms of an actuator of the disc drive. 

SUMMARY OF THE INVENTION 

The present invention provides an apparatus for limiting 
damage to a disc drive as a result of application of a 
nonoperational mechanical shock to the disc drive. 

In accordance With a preferred embodiment, the disc drive 
comprises a plurality of discs having magnetic recording 
surfaces, a spindle motor for rotating the discs about a disc 
axis and a plurality of controllably positionable heads adja 
cent the recording surfaces. The discs are provided With 
landing Zones Where the heads come to rest When the disc 
drive is deactivated. 
A circumferentially extending snubber is provided proxi 

mate a substantial portion of the outer diameter of the discs. 
The snubber includes a shroud portion proximate the outer 
diameter of the discs and snubber arms Which extend from 
the shroud portion in a direction toWard the disc axis. The 
snubber arms limit de?ection of the outer diameter of the 
discs in response to the application of a non-operational 
mechanical shock to the disc drive. The snubber further acts 
as a disc shroud to substantially retain air currents estab 
lished by the rotation of the discs. 

In one preferred embodiment, the snubber is characteriZed 
as a one-piece c-ring shaped member; in another preferred 
embodiment, the snubber is characteriZed as a multi-piece 
member. Preferably, the snubber extends a maximum 
amount around the outer diameter of the discs so as to be 
proximate over 50% of the circumference of the discs. 

These and various other features as Well as advantages 
Which characteriZe the present invention Will be apparent 
from a reading of the folloWing detailed description and a 
revieW of the associated draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a top plan vieW of a disc drive including a 
circumferentially extending disc snubber constructed in 
accordance With a preferred embodiment of the present 
invention. 

FIG. 2 provides an elevational, cross-sectional vieW of a 
portion of the disc drive of FIG. 1, as vieWed along line 2—2 
of FIG. 1, shoWing a ?rst preferred construction for the 
circumferentially extending disc snubber. 

FIG. 3 provides an elevational, cross-sectional vieW of an 
alternative construction for the circumferentially extending 
disc snubber of FIG. 2. 

FIG. 4 provides an elevational, partial cross-sectional 
vieW of a portion of the disc drive of FIG. 1, as vieWed along 
line 4—4 of FIG. 1, shoWing the use of a doWel pin to secure 
the circumferentially extending disc snubber relative to the 
base deck of the disc drive. 

FIG. 5 provides an elevational, partial cross-sectional 
vieW of an alternative construction for the circumferentially 
extending disc snubber of FIG. 4, Wherein a threaded bolt is 
used to secure the snubber to the base deck of the disc drive. 
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FIG. 6 provides a top plan vieW of a disc drive similar to 
the disc drive of FIG. 1, illustrating yet another preferred 
embodiment for the circumferentially extending disc snub 
ber. 

DETAILED DESCRIPTION 

Referring noW to the draWings, and more particularly to 
FIG. 1, shoWn therein is a disc drive 100 constructed in 
accordance With a preferred embodiment of the present 
invention. The disc drive 100 includes a base deck 102 on 
Which various components of the disc drive 100 are 
mounted. A top cover (not shoWn) cooperates With the base 
deck 102 to form an internal, sealed environment for the disc 
drive in a conventional manner. 

A spindle motor (shoWn generally at 104) is provided to 
rotate a stack 105 of four discs 106 at a constant high speed 
(only the top disc is shoWn in FIG. 1). A disc clamp 108 
secures the discs 106 to a hub (not separately designated) of 
the spindle motor 104. 

To transfer data to and from the discs 106, a controllably 
positionable actuator assembly 110 is provided Which rotates 
about a cartridge bearing assembly 112 in response to 
currents applied to a coil (not separately designated) of a 
voice coil motor (VCM) 114. The actuator assembly 110 
includes a plurality of arms (the topmost of Which is 
identi?ed at 116) from each of Which corresponding ?exure 
assemblies 118 extend. Heads 120 are provided at distal ends 
of the ?exure assemblies 118 and are supported over the 
discs 106 by air bearings established by air currents set up 
by the rotation of the discs 106. For reference, a latch 
assembly 122 is provided to secure the heads 120 over 
landing Zones at the innermost diameters of the discs 106 
When the disc drive 100 is deactivated and a ?ex circuit 
assembly 124 provides electrical communication paths 
betWeen the actuator assembly 110 and a disc drive printed 
circuit board (not shoWn) mounted to the underside of the 
disc drive 100 in a conventional manner. 

Continuing With FIG. 1, a circumferentially extending 
disc snubber (hereinafter also referred to as the “snubber”) 
is provided and designated at 130. The snubber 130 com 
prises a C-ring shaped member proximate to a substantial 
portion of the circumferences of the discs 106. As discussed 
beloW, the snubber 130 serves to protect the disc drive 100 
from damage due to the application of mechanical shocks by 
limiting the de?ection of the discs 106 over substantially all 
of the circumferences of the discs 106 and maintaining the 
clearance betWeen the arms 116 and the discs 106, thereby 
reducing the amount of potential energy stored in the discs 
106 as a result of such a mechanical shock event and 
substantially improving the robustness characteristics of the 
disc drive 100. Moreover, during operation of the disc drive 
100 the snubber 130 effectively shrouds the disc stack 105, 
improving the e?iciency of operation of the disc drive 100 
by improving the uniformity of the air currents established 
by the rotation of the discs 106 and reducing drag on the 
spindle motor 104. 

Referring noW to FIG. 2, shoWn therein is an elevational, 
cross-sectional vieW of the snubber 130 in conjunction With 
portions of the disc drive 100, as vieWed along line 2—2 of 
FIG. 1. For reference, a top cover 132 of the disc drive is 
provided, said cover having been omitted from FIG. 1 for 
purposes of clarity. 
As shoWn in FIG. 2, the snubber 130 includes a plurality 

of snubber arms 134 disposed betWeen adjacent discs 106 
and from a shroud portion 133 toWard the spindle motor 104 
(FIG. 1). When a mechanical shock is applied to the disc 

10 

15 

25 

35 

45 

55 

65 

4 
drive 100 sufficient to cause de?ection of the discs 106 in a 
direction parallel to the rotational axis of the discs 106, the 
discs Will contact the snubber arms 134, thereby limiting the 
amount of travel of the edges of the discs 106. The snubber 
130 is preferably fabricated from a suitable nonmarring, 
nonparticulating material, such as Delrin®, a registered 
trademark of E. I. Du Pont De Nemours and Company, or 
Carilon®, a registered trademark of Shell Oil Company. 

It Will be recogniZed that the distance betWeen adjacent 
snubber arms 134 and discs 106 Will determine the extent to 
Which the snubber 130 protects against damage to the disc 
drive 100. Moreover, improved snubbing characteristics are 
generally obtained as the distance that the snubber arms 134 
extend into the stack of discs 106 is increased; hoWever, 
those portions of the discs 106 immediately proximate the 
snubber arms 134 are unaccessible by the heads 120, so that 
less media recording surface area is available as the snubber 
arms 134 are extended farther into the stack of discs 106. 
Accordingly, optimum dimensions for the snubber arms 134 
Will be determined based on the requirements of each 
particular application. 

FIG. 3 provides an elevational, cross-sectional vieW of an 
alternative construction for the disc snubber 130 of FIGS. 1 
and 2. More particularly, as shoWn in FIG. 3 the snubber 130 
further includes a C-shaped metal ring 142 over Which the 
snubbing material is molded. Only a cross-section of the ring 
142 is shoWn in FIG. 3, but it Will be readily understood that 
the ring 142 extends substantially the full length of the 
snubber 130, as illustrated in FIG. 1. The ring 142 provides 
additional stiffness for holding the snubber 130 in place. 
Moreover, recesses 144 can be provided at selected locations 
in the base deck 102 in order to accommodate location tabs 
146 Which improve the stability and vertical placement of 
the snubber 130 relative to the base deck 102 and disc stack 
105. 

Installation of the snubber 130 is relatively straightfor 
Ward. Once the disc stack 105 has been assembled (and 
before the discs 106 have been attached relative to the base 
deck 102), the snubber 130 is expanded and placed around 
the perimeter of the discs 106. The snubber 130 is then 
contracted by pulling oppositely disposed ends toWard one 
another until the snubber 130 contacts the discs. The spring 
characteristics of the snubber 130 Will then tend to retain the 
snubber 130 relative to the discs 106; hoWever, an optional 
retaining piece (not shoWn) can be used to secure the ends 
of the snubber 130 so as to maintain the snubber 130 relative 
to the discs 106. 

The discs 106 are then assembled relative to the base deck 
102 and the snubber 130 is expanded into place. Fasteners 
can then be applied to secure the snubber 130 relative to the 
base deck 102, such as a press-?t doWel pin 152 shoWn in 
FIG. 4 or a threaded bolt 154 shoWn in FIG. 5. For reference, 
FIG. 4 is a vieW taken along line 4—4 in FIG. 1. 

Finally, in cases Where insufficient room is available to 
accommodate a single-piece snubber such as 130 of FIGS. 
1—5, FIG. 6 provides an alternative circumferentially 
extending, multi-piece snubber (denoted generally at 160) 
Within the disc drive 100. Although not extending about the 
discs 106 at locations Where the discs 106 are immediately 
adjacent sideWalls of the base deck 102, the multi-piece 
snubber 160 nevertheless extends about a substantial portion 
of the discs 106 sufficient to provide substantial disc snub 
bing and to prevent damage to the discs 106 and heads 120. 
The multi-piece snubber 160 Will also serve to shroud the 
discs 106, enhancing the operational e?iciency of the disc 
drive 100. It is contemplated that the various alternative 
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constructions for the one-piece snubber 130 can also be 
applied to the multi-piece snubber 160, as desired. 

It is contemplated that the snubbers 130, 160 presented 
herein could be readily incorporated as the only snubber in 
a drive, or could be used in conjunction With additional 
snubbing con?gurations incorporated, for example, into the 
actuator arms 116. Moreover, it is contemplated that, to 
maximize effectiveness, the snubbers 130, 160 Will be 
proximate at least 50% of the circumferences of the discs 
106 (as shoWn in the drawings), greatly improving the 
snubbing characteristics of the disc drive 100. 

Accordingly, the present invention provides several useful 
advantages over the prior art. First, the snubbers 130, 160 
operate to minimiZe disc-arm contact in response to the 
application of mechanical shocks to the disc drive 100. As 
discussed above, arm-disc contact can result in damage to 
the outer diameters of the surfaces of the discs 106, as Well 
as damage to the heads 120 as a result of vibrations of the 
actuator arms 116 Which are transmitted to the ?exure 
assemblies 118, causing the heads 120 to lift off and then 
slap against the discs 106. 

Next, the snubbers 130, 160 advantageously limit the 
amount of de?ection of the discs 106. That is, a substantial 
amount of the de?ection of the discs is minimiZed over a 
substantial portion of the perimeters of the discs 106, 
minimiZing the storage of potential energy available for 
additional modal vibrations. The increased contact area Will 
also tend to distribute the load, Which Will reduce stress 
concentrations on the discs 106 during contact With the 
snubber arms 134. This is particularly useful When the discs 
106 are fabricated from brittle materials such as glass, as the 
present invention Will tend to keep such discs from shatter 
ing due to the application of a high amplitude mechanical 
shock. 
An additional advantage is that the snubbers 130, 160 

provide disc shrouding, eliminating the need to fabricate a 
separate shroud into the base deck 102. Accordingly, in 
designs requiring shrouds, base casting has usually been 
required in order to fabricate the shrouds; use of the snub 
bers 130, 160, hoWever, eliminate this requirement and 
alloWs the base deck to be fabricated from simpler, less 
costly methods, such as extrusion. 

In vieW of the foregoing discussion, it Will be clearly 
understood that the present invention is directed to an 
apparatus for reducing disc de?ection in response to the 
application of a nonoperational mechanical shock to a disc 
drive (such as 100). The disc drive comprises a disc (such as 
106) rotatable about a disc axis and having an outer diam 
eter. A circumferentially extending snubber (such as 130, 
160) is provided proximate a substantial portion of the outer 
diameter of the disc, the snubber including snubber arms 
(such as 134) immediately proximate the outer diameter of 
the disc and extending in a direction toWard the disc axis. 
The snubber limits de?ection of the outer diameter of the 
disc in response to the application of a nonoperational 
mechanical shock to the disc drive. 

It Will be clear that the present invention is Well adapted 
to attain the ends and advantages mentioned as Well as those 
inherent 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 de?ned in the 
appended claims. 
What is claimed is: 
1. A snubber for limiting de?ection of a disc stack of a 

disc drive in response to the application of a mechanical 
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6 
shock to the disc drive, the disc stack comprising at least ?rst 
and second discs axially aligned for rotation about a com 
mon disc axis and having outermost perimeters extending a 
common radial distance from the disc axis, the snubber 
comprising: 

a circumferentially extending shroud portion having a 
radius substantially that of the outermost perimeters 
and a length comprising a substantial portion of a 
circumference of the outermost perimeters, the shroud 
portion having facing surfaces Which circumferentially 
extend substantially the length of the snubber beyond 
the outermost perimeters of the discs and Which inter 
sect planes normal to the disc axis along Which the ?rst 
and second discs extend to shroud the disc stack by 
retaining air currents established by the rotation of the 
outermost perimeters of the ?rst and second discs; and 

?rst, second and third snubber arms extending from the 
shroud portion toWard the disc axis along substantially 
the length of the snubber, Wherein the outer perimeter 
of the ?rst disc is disposed betWeen the ?rst and second 
snubber arms and the outer perimeter of the second disc 
is disposed betWeen the second and third arms, and 
Wherein the snubber is con?gured to expand to alloW 
placement of the snubber about the outermost perim 
eters prior to installation of the disc stack in the disc 
drive. 

2. The snubber of claim 1, Wherein the length of the 
shroud portion exceeds 50 percent of the circumference of 
the outermost perimeters. 

3. The snubber of claim 1, Wherein the disc drive further 
comprises a top cover and a base deck Which cooperate to 
form an internal enclosure for the disc drive, the enclosure 
having an internal deck surface and at least ?rst and second 
adjacent, internal side Walls Which extend substantially 
normally from the internal deck surface, and Wherein the 
snubber continuously extends from a position proximate the 
?rst internal side Wall to a position proximate the second 
internal side Wall. 

4. A disc drive, comprising: 
a base deck; 

a disc stack, mounted to the base deck, comprising at least 
?rst and second discs axially aligned for rotation about 
a common disc axis and having outermost perimeters 
extending a common radial distance from the disc axis; 
and 

a unitary piece circumferentially extending snubber hav 
ing a length Which continuously extends proximate at 
least 50 percent of the outermost perimeters to limit 
de?ection of the disc stack in response to the applica 
tion of a nonoperational mechanical shock to the disc 
drive, the snubber comprising: 
a shroud portion having facing surfaces Which circum 

ferentially extend substantially the length of the 
snubber beyond the outermost perimeters of the discs 
and intersect planes normal to the disc axis along 
Which the ?rst and second discs extend, the shroud 
portion retaining air currents established by the rota 
tion of the outermost perimeters of the ?rst and 
second discs; and 

?rst, second and third snubber arms extending from the 
shroud portion toWard the disc axis along substan 
tially the length of the snubber, Wherein the outer 
perimeter of the ?rst disc is disposed betWeen the 
?rst and second snubber arms and the outer perim 
eter of the second disc is disposed betWeen the 
second and third arms, and Wherein the snubber is 
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con?gured to expand to allow placement of the 
snubber about the outermost perimeters prior to the 
mounting of the disc stack to the base deck. 

5. The disc drive of claim 4, Wherein the snubber further 
comprises: 

a stiffening ring, disposed Within the shroud portion, 
Which circumferentially extends substantially the 
length of the snubber. 

6. The disc drive of claim 4, further comprising at least 
one fastener Which secures the snubber to the base deck. 

7. A disc drive, comprising: 
a top cover and a base deck Which cooperate to form an 

internal enclosure for the disc drive, the enclosure 
having an internal deck surface and at least ?rst and 
second adjacent, internal side Walls Which extend sub 
stantially normally from the internal deck surface; 

a disc stack, mounted to the internal deck surface, com 
prising at least ?rst and second discs axially aligned for 
rotation about a common disc axis and having outer 
most perimeters extending a common radial distance 
from the disc axis; and 

a unitary piece circumferentially extending snubber hav 
ing a length Which continuously extends from a posi 
tion proximate the ?rst internal side Wall to a position 
proximate the second internal side Wall to limit de?ec 
tion of the disc stack in response to the application of 
a nonoperational mechanical shock to the disc drive, 
the snubber comprising: 
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8 
a shroud portion having facing surfaces Which circum 

ferentially extend subtantially the length of the snub 
ber beyond the outermost perimeters of the discs and 
intersecting planes normal to the disc axis along 
Which the ?rst and second discs extend, the shroud 
portion retaining air currents established by the rota 
tion of the outermost perimeters of the ?rst and 
second discs; and 

?rst, second and third snubber arms extending from the 
shroud portion toWard the disc axis along substan 
tially the length of the snubber, Wherein the outer 
perimeter of the ?rst disc is disposed betWeen the 
?rst and second snubber arms and the outer perim 
eter of the second disc is disposed betWeen the 
second and third arms, and Wherein the snubber is 
con?gured to expand to alloW placement of the 
snubber about the outermost perimeters prior to the 
mounting of the disc stack to the internal deck 
surface. 

8. The disc drive of claim 7, Wherein the snubber further 
comprises: 

a stiffening ring, disposed Within the shroud portion, 
Which circumferentially extends substantially the 
length of the snubber. 

9. The disc drive of claim 7, further comprising at least 
one fastener Which secures the snubber to the base deck. 


