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ENERGY ABSORBING DISC TRAVEL LIMITER 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority from US. Provi 
sional Application Ser. No. 60/055,909, ?led Aug. 15, 1997. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to the ?eld of disc 
drive data storage devices, or disc drives, and more particu 
larly, but not by Way of limitation, to an energy absorbing 
disc travel limiter Which prevents damage as a result of 
applied mechanical shocks. 

BACKGROUND OF THE INVENTION 

[0003] Disc drives of the type knoWn as “Winchester” disc 
drives or hard disc drives are Well knoWn in the industry. 
Such disc drives record digital data on a plurality of circular, 
concentric data tracks on the surfaces of one or more rigid 

discs. The discs are typically mounted for rotation on the hub 
of a brushless DC spindle motor. In disc drives of the current 
generation, the spindle motor rotates the discs at speeds of 
up to 10,000 RPM. 

[0004] Data are recorded to and retrieved from the discs 
by an array of vertically aligned read/Write head assemblies, 
or heads, Which are controllably moved from track to track 
by an actuator assembly. The read/Write head assemblies 
typically consist of an electromagnetic transducer carried on 
an air bearing slider. This slider acts in a cooperative 
hydrodynamic relationship With a thin layer of air dragged 
along by the spinning discs to ?y the head assembly in a 
closely spaced relationship to the disc surface. In order to 
maintain the proper ?ying relationship betWeen the head 
assemblies and the discs, the head assemblies are attached to 
and supported by head suspensions or ?exures. 

[0005] The actuator assembly used to move the heads 
from track to track has assumed many forms historically, 
With most disc drives of the current generation incorporating 
an actuator of the type referred to as a rotary voice coil 

actuator. A typical rotary voice coil actuator consists of a 
pivot shaft ?xedly attached to the disc drive housing base 
member closely adjacent the outer diameter of the discs. The 
pivot shaft is mounted such that its central axis is normal to 
the plane of rotation of the discs. An actuator housing is 
mounted to the pivot shaft by an arrangement of precision 
ball bearing assemblies, and supports a ?at coil Which is 
suspended in the magnetic ?eld of an array of permanent 
magnets, Which are ?xedly mounted to the disc drive hous 
ing base member. On the side of the actuator housing 
opposite to the coil, the actuator housing also typically 
includes a plurality of vertically aligned, radially extending 
actuator head mounting arms, to Which the head suspensions 
mentioned above are mounted. When controlled DC current 

is applied to the coil, a magnetic ?eld is formed surrounding 
the coil Which interacts With the magnetic ?eld of the 
permanent magnets to rotate the actuator housing, With the 
attached head suspensions and head assemblies, in accor 
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dance With the Well-known LorentZ relationship. As the 
actuator housing rotates, the heads are moved radially across 
the data tracks along an arcuate path. 

[0006] Disc drives of the current generation are included 
in desk-top computer systems for of?ce and home environ 
ments, as Well as in laptop computers Which, because of their 
portability, can be used Wherever they can be transported. 
Because of this Wide range of operating environments, the 
computer systems, as Well as the disc drives incorporated in 
them, must be capable of reliable operation over a Wide 
range of ambient temperatures. 

[0007] Furthermore, laptop computers in particular can be 
expected to be subjected to large amounts of mechanical 
shock as they are moved about. It is common in the industry, 
therefore, that disc drives be speci?ed to operate over 
ambient temperature ranges of from, for instance, —5° C. to 
60° C., and further be speci?ed to be capable of Withstanding 
operating mechanical shocks of 100 G or greater Without 
becoming inoperable. 

[0008] Furthermore, the amount of non-operating 
mechanical shock Which the disc drive is speci?ed to 
Withstand is constantly being increased, With future disc 
drive products being considered Which must be capable of 
operating after experiencing non-operating mechanical 
shocks in the range of 1000 G. 

[0009] One shock test Which the disc drive is expected to 
endure involves resting the disc drive on a hard surface, such 
as a table top, and then raising one end of the disc drive to 
a speci?ed height and dropping the disc drive back onto the 
surface. In the course of conducting such tests, it Was found 
that one failure mode Was the result of the discs bending in 
the axial direction, often referred to as “coning”, and coming 
into contact With the actuator head mounting arms. Such 
contact resulted in damage to the discs, the head arms or 
both, and the generation of particles Within the sealed disc 
drive housing Which Were free to migrate and potentially 
interfere With the desired interface betWeen the heads and 
discs. 

[0010] The present invention is directed to prevention of 
this type of mechanical-shock-induced damage. 

SUMMARY OF THE INVENTION 

[0011] The present invention is an energy absorbing disc 
travel limiter Which not only mechanically de?nes a limit to 
the extent to Which a disc in a disc drive can be axially 

displaced in response to applied mechanical shocks, but 
Which also acts to damp the shock-induced motion of the 
discs, thus preventing contact betWeen the discs and the 
actuator head mounting arms. The amount of damping 
provided by the disc travel limiter is determined by selection 
of the material of the disc travel limiter and selection of 
certain dimensions of the disc travel limiter. 

[0012] It is an object of the invention to provide a mecha 
nism for limiting the extent to Which the outer diameter of 
the discs of a disc drive can move axially in response to 

applied mechanical shock. 
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[0013] It is another object of the invention to provide a 
mechanism Which damps the movement of the outer diam 
eter of the discs of a disc drive in response to applied 
mechanical shock. 

[0014] It is another object of the invention to provide a 
mechanism for the above stated purposes Which is simple 
and economical to implement in a high-volume manufac 
turing environment. 

[0015] The manner in Which the present invention 
achieves the objects stated, along With other features, advan 
tages and bene?ts of the invention, can best be understood 
by a revieW of the following Detailed Description of the 
Invention, When read in conjunction With a revieW of the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a top vieW, in partial cutaWay, of a disc 
drive in Which the present invention is particularly useful. 

[0017] FIG. 2 is a simpli?ed detail elevation vieW of a 
disc and cooperating actuator head mounting arms in a prior 
art disc drive, illustrating the phenomenon Which the present 
invention is intended to prevent. 

[0018] FIG. 3 is a simpli?ed detail elevation vieW, similar 
to FIG. 2, illustrating the operation of the present invention. 

[0019] FIG. 4 is a perspective vieW of a ?rst embodiment 
of a disc travel limiter made in accordance With the present 
invention. 

[0020] FIG. 5 is a perspective vieW of a second embodi 
ment of a portion of a disc travel limiter made in accordance 
With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] Turning noW to the draWings and speci?cally to 
FIG. 1, shoWn is a plan vieW of a prior art disc drive 2 in 
Which the present invention is particularly useful. The disc 
drive 2 includes a base member 4 to Which all other 

components are directly or indirectly mounted and a top 
cover 6 (shoWn in partial cutaWay) Which, together With the 
base member 4, forms a disc drive housing Which encloses 
delicate internal components and isolates these components 
from external contaminants. 

[0022] The disc drive includes a plurality of discs 8 Which 
are mounted for rotation on a spindle motor shoWn generally 
at 10. The discs 8 include on their surfaces a plurality of 

circular, concentric data tracks, the innermost and outermost 
of Which are shoWn by dashed lines at 12, on Which data are 
recorded via an array of vertically aligned head assemblies 
(one of Which is shoWn at 14). The head assemblies 14 are 
supported by head suspensions, or ?exures 16, Which are 
attached to actuator head mounting arms 18. The actuator 

head mounting arms 18 are integral to an actuator bearing 
housing 20 Which is mounted via an array of ball bearing 
assemblies (not designated) for rotation about a pivot shaft 
22. 
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[0023] PoWer to drive the actuator bearing housing 20 in 
its rotation about the pivot shaft 22 is provided by a voice 
coil motor (VCM) shoWn generally at 24. The VCM 24 
consists of a coil (not separately designated) Which is 
supported by the actuator bearing housing 20 Within the 
magnetic ?eld of an array of permanent magnets (also not 
separately designated) Which are ?xedly mounted to the base 
member 4, all in a manner Well knoWn in the industry. 

Electronic circuitry (partially shoWn at 26, generally, and 
partially carried on a printed circuit board (not shoWn)) to 
control all aspects of the operation of the disc drive 2 is 
provided, With control signals to drive the VCM 24, as Well 
as data signals to and from the heads 14, carried betWeen the 
electronic circuitry and the moving actuator assembly via a 
?exible printed circuit cable (PCC) 28. 

[0024] As is apparent from an examination of FIG. 1, the 
actuator head mounting arms 18 extend radially outWard 
from the pivot shaft 22 to positions over the discs 8. The 
phenomenon Which the present invention is intended to 
prevent is illustrated in FIG. 2. 

[0025] FIG. 2 is a simpli?ed detail elevation vieW of a 
prior art disc drive and shoWs generally the relationship 
betWeen a disc 8 mounted betWeen tWo adjacent actuator 
head mounting arms 18, Which extend radially from the 
actuator bearing housing 20. It Will be recalled that the 
actuator bearing housing is typically mounted via an array of 
ball bearings to rotate about a pivot shaft (22 in FIG. 1), 
represented in FIG. 2 by a pivot axis 30. 

[0026] While the ?gure shoWs a single disc 8 betWeen a 
single pair of actuator head mounting arms 18, one of skill 
in the art Will appreciate that the scope of the present 
invention is not envisioned as being limited by the actual 
number of discs 8 and head mounting arms 18 in the disc 
drive, and that the ?gure shoWs a single disc 8 purely for 
purposes of discussion. 

[0027] Since the disc 8 is supported by the hub of the 
spindle motor (10 in FIG. 1) only at its inner diameter, When 
mechanical shock is applied to the disc drive along an axis 
normal to the plane of rotation of the disc 8, as represented 
by double headed arroW 32, the outer diameter of the disc 8 
is axially displaced from its normal operation position, as 
shoWn generally by curved double headed arroW 34. This 
displacement of the outer diameter of the disc 8 is the 
phenomenon knoWn as “disc coning”, since the disc 8 is 
momentarily deformed from its normal ?at condition into a 
conical shape, as represented in the ?gure by dashed lines at 
36. 

[0028] If the applied mechanical shock is of suf?cient 
magnitude, this disc coning can result in contact betWeen the 
outer diameter of the disc 8 and the actuator head mounting 
arm 18, as shoWn at points designated by numerical refer 
ences 38, and such contact can result in damage to either the 
disc 8, the actuator head mounting arm 18 or both. Further 
more, it Will be apparent to one of skill in the art that such 
contact can also result in the generation of particles Which, 



US 2001/0001254 A1 

during subsequent operation of the disc drive, can cause fatal 
damage to the disc 8, the read/Write heads (14 in FIG. 1) or 
both. 

[0029] The present invention acts to prevent such poten 
tially fatal contact betWeen the disc 8 and the actuator head 
mounting arms 18 by limiting the extent of travel of the 
outer diameter of the disc along path 34. 

[0030] FIG. 3 is a simpli?ed detail elevation vieW, similar 
to that of FIG. 2, illustrating the function of the disc travel 
limiter of the present invention. 

[0031] FIG. 3 shoWs a disc 8 in cooperative operational 
relationship betWeen a pair of actuator head mounting arms 
18, as in FIG. 2. Once again, it should be noted that the 
?gure shoWs a single disc 8 purely for discussion purposes, 
and that the scope of the present invention is not envisioned 
as being limited by the actual number of discs 8 in the disc 
drive. 

[0032] FIG. 3 also shoWs the disc travel limiter (desig 
nated generally at 40) of the present invention. From the 
?gure, it can be seen that the disc travel limiter 40 includes 
a plurality of limiter arms 42 Which extend radially over the 
outermost diameter of the discs 8. At the distal ends of the 
limiter arms 42, the limiter arms 42 are formed With contact 

features, shoWn generally at 44. These contact features 44 
further include contact surfaces 46 Which are axially located 
beyond the surfaces of the actuator head mounting arms 18, 
i.e., closer to the disc surfaces than the surfaces of the 
actuator head mounting arms 18. Thus, When an applied 
mechanical shock causes coning of the disc 8, as shoWn by 
undesignated dashed lines in FIG. 3, the travel of the outer 
diameter of the disc 8 is stopped by contact With the contact 
surface 46 of the disc travel limiter 40 before the disc 8 can 
make contact With the actuator head mounting arm 18. The 
present invention envisions that the disc travel limiter 40 
Will be ?xedly mounted to the disc drive base member (4 in 
FIG. 1) at a location that brings the contact features 46 into 
contact With the discs 8 in a non-data area of the discs 8 

closely adjacent the outer diameter of the disc 8. 

[0033] As can also be seen in FIG. 3, the present invention 
also contemplates that contact betWeen the disc 8 and the 
disc travel limiter 40 at the contact surface 46 Will result in 
minor axial displacement of the limiter arms 42, as shoWn by 
dashed lines 48. The material of the disc travel limiter, as 
Well as its mechanical dimensions, must be selected to 
ensure that such axial displacement of the limiter arms 42 
stops short of the point Where contact betWeen the disc 8 and 
the actuator head mounting arm 18 can occur. 

[0034] Furthermore, since such displacement of the limiter 
arm 42 results in strain energy being accumulated in the 
limiter arm 42, the present invention envisions that the disc 
travel limiter be made from a sloW-modulus material that 
Will alloW the disc 8 to begin moving back to its normal 
operational position faster than the limiter arm 42 Will return 
to its unstressed quiescent position. Thus, the disc travel 
limiter 40 of the present invention serves not only to limit 
the extent of axial travel of the outer diameter of the disc 8 
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in response to applied mechanical shock, but also acts as a 
dampener to absorb and dissipate the energy induced Within 
the disc 8 as a result of coning. 

[0035] Examples of appropriate sloW-modulus plastics 
Which can be used to implement the disc travel limiter 40 of 
the present invention are Stat-con®, a product of LNP 
Engineering Plastics of Exton, Pa., and Ultem®, a product 
of GE Plastics of Pitts?eld, Mass. It has also been found that, 
in certain speci?c applications, 5052 H34-36 aluminum is an 
appropriate material. In general, a Wide range of materials 
can be used to implement the present invention, so long as 
the limiter arms have a natural resonant frequency Which is 
equal to or loWer than the natural resonant frequency of the 
discs as mounted to the spindle motor hub. Dependent on the 
speci?c disc drive Within Which the present invention is 
implemented, and the amount of applied mechanical shock 
Which the disc drive is speci?ed to Withstand, other materials 
may also be selected Without exceeding the envisioned 
scope of the present invention. 

[0036] While the phenomenon of disc coning results in 
axial displacement of the entire outer diameter of the disc, 
it has been determined by experimentation that the disc 
travel limiter of the present invention functions optimally 
When the disc travel limiter is located as closely as practi 
cable to the portion of the discs overlain by the actuator head 
mounting arms in their travel from the innermost data track 
to the outermost data track. Alternatively, since the disc 
travel limiter of the present invention is primarily intended 
to function in response to the application of non-operating 
mechanical shocks, the disc travel limiter can be mounted to 
the actuator body (20 in FIG. 1). In implementations of the 
invention Which mount the disc travel limiter to move With 

the actuator, the disc travel limiter is mounted to engage the 
outer diameter of the discs only When the actuator is at its 
park location, With the read/Write heads closely adjacent the 
inner diameter of the discs. Thus, during normal disc drive 
operation, the disc travel limiter has no effect on disc drive 
operation. 

[0037] Such an implementation of the invention is shoWn 
in FIG. 4, Which is an elevation vieW, in partial cutaWay, of 
an actuator body 20 to Which the disc travel limiter 40 has 
been directly mounted. Extending from the actuator body 20 
are a plurality of actuator head mounting arms 18, and a 
cooperative arrangement of discs 8 are shoWn With dashed 
lines. The disc travel limiter 40 includes a backing member 
50 used to mount the disc travel limiter 40 to the actuator 

body 20, and a plurality of limiter arms 42. As can be seen 
in the ?gure, the limiter arms 42 include contact surfaces 
Which lie over the outermost portion of the discs 8. 

[0038] The relationship betWeen the discs 8 and the actua 
tor body 20 and disc travel limiter 40 are shoWn as they 
Would be When the actuator is at a parked position, i.e., With 
the heads (14 in FIG. 1) closely adjacent the inner diameter 
of the discs 8, as is shoWn in FIG. 1. It Will be appreciated 
by one of skill in the art that, as the actuator rotates the heads 
radially outWard on the discs 8, the position of the disc travel 
limiter 40 Will also be moved radially outWard relative to the 
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discs 8, thus taking the disc travel limiter 40 out of axial 
alignment With the discs 8. Thus the disc travel limiter 40 is 
only operable When the heads are in the parked position, as 
Would be the case When the disc drive is in a non-operating 
condition. 

[0039] FIG. 5 is a perspective vieW of a second embodi 
ment of a disc travel limiter 40 made in accordance With the 
present invention. The example disc travel limiter 40 shoWn 
in the ?gure is suitable for use in a disc drive utilizing three 
discs. A person of skill in the art Will appreciate, hoWever, 
that the disc travel limiter 40 can be readily modi?ed for use 
With either a greater or lesser number of discs, and the scope 
of the invention should not, therefore, be considered as 
limited by the number of discs in the disc drive. 

[0040] In FIG. 5, the disc travel limiter 40 can be seen to 
include four limiter arms 42 separated by three inter-arm 
spaces Within Which the discs (not shoWn) of the disc drive 
Will be located. The limiter arms 42 are connected by a 

backing member 50 Which is also used to mount the entire 
disc travel limiter 40 to the disc drive housing. The speci?c 
method used to mount the disc travel limiter 40 Within the 
disc drive housing is not considered as being limiting to the 
scope of the invention. For instance, the bottom surface of 
the backing member 50 could include one or more tapped 
holes With the disc travel limiter 40 attached by a screW or 

screWs, inserted through the bottom surface of the disc drive 
base member (4 in FIG. 1), or the disc travel limiter 40 could 
be adhesively attached to the base member. Other methods 
of attachment may suggest themselves to one of skill in the 
art Without exceeding the envisioned scope of the invention. 

[0041] FIG. 5 shoWs that the distal ends of the limiter 
arms 42 are adapted to form contact features 44 Which are 

generally semi-cylindrical in form. These semi-cylindrical 
contact surfaces 44 provide line-contact With the surfaces of 
the discs When an applied mechanical shock induces coning 
of suf?cient magnitude, as previously described in relation 
ship to FIG. 3 above. 

[0042] As previously mentioned hereinabove, the present 
invention envisions that the disc travel limiter 40 Will not 
only act as a limiter to contact the disc before it makes 

contact With the actuator head mounting arms (18 in FIGS. 
1, 2 and 3), but also serve as a dampener to dissipate the 
energy caused by the application of mechanical shocks. The 
?rst design decision in implementing the present invention 
is the selection of an appropriate sloW-modulus material, as 
noted above. Further control of the amount of dampening 
provided by the disc travel limiter 40 can be achieved by 
selection of the dimensions of certain elements of the disc 
travel limiter. 

[0043] Dimensions Which can be selected to determine the 
dampening characteristics include the length of the limiter 
arms 42 (i.e., the distance Which the limiter arms 42 extend 
from the backing member 50), the Width of the limiter arms 
42 (i.e., the length of the linear contact surface), and, to the 
extent permitted by the interdisc spacing, the thickness of 
the limiter arms 42. The selection of these dimensions Will, 
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of course, be dependent upon such variables as the amount 
of applied mechanical shock Which the disc drive is speci 
?ed to Withstand, the moving mass of the discs Within the 
disc drive, the material characteristics of the disc travel 
limiter, all in accordance With Well knoWn behavioral char 
acteristics of cantilevered beam elements. 

[0044] FIG. 6 shoWs an alternative con?guration of the 
limiter arm 42a of the disc travel limiter 40a. In the ?gure, 
a single limiter arm 42a is shoWn extending from a backing 
member 50a, and can be seen to be generally cylindrical in 
form, as opposed to the substantially rectilinear form of the 
disc travel limiter 40 of FIG. 5. The contact feature 44a of 
this second embodiment of the invention is generally circu 
lar, With a semi-cylindrical outer surface. This con?guration 
provides a single-point contact With the disc, in contrast With 
the line-contact provided by the embodiment of FIG. 5. 

[0045] Once again, control of the dampening characteris 
tics of the disc travel limiter 40a can be controlled by 
selection of the material and dimensions of the limiter arm 
42a. 

[0046] From the foregoing, it is apparent that the present 
invention is particularly Well suited and Well adapted to 
achieve the objects set forth hereinabove, as Well as pos 
sessing other advantages inherent therein. While a particular 
combination of components and materials have been dis 
closed With regard to the presently preferred embodiments, 
certain variations and modi?cations may be suggested to one 
of skill in the art upon reading this disclosure. Therefore, the 
scope of the present invention should be considered to be 
limited only by the folloWing claims. 

What is claimed is: 
1. A disc travel limiter for preventing contact betWeen 

discs and actuator head mounting arms in a disc drive 
comprising: 

a backing member for mounting the disc travel limiter; 
and 

a plurality of limiter arms extending from the backing 
member to a position over a non-data area of the discs 
adjacent the outer diameter of the discs, 

the limiter arms further comprising contact features 
disposed axially closer to the discs than the actuator 
head mounting arms. 

2. A disc travel limiter as claimed in claim 1 Wherein the 
disc travel limiter is formed of a sloW-modulus material. 

3. A disc travel limiter as claimed in claim 2 Wherein the 
sloW-modulus material is aluminum. 

4. A disc travel limiter as claimed in claim 2 Wherein the 
sloW-modulus material is a plastic. 

5. A disc travel limiter as claimed in claim 4 Wherein the 
plastic is Stat-con®. 

6. A disc travel limiter as claimed in claim 4 Wherein the 
plastic is Ultem®. 

7. A disc travel limiter as claimed in claim 1 Wherein the 
limiter arms are generally rectilinear in form and the contact 
features provide line contact With the discs. 

8. A disc travel limiter as claimed in claim 1 Wherein the 
limiter arms are generally cylindrical in shape and the 
contact features provide point contact With the discs. 
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9. A disc travel limiter as claimed in claim 1 wherein the 
disc travel limiter is mounted to a housing of the disc drive 
in a ?xed relationship to the discs. 

10. Adisc travel limiter as claimed in claim 1 Wherein the 
actuator head mounting arms are integral to a movable 
actuator body, and the disc travel limiter is mounted to the 
actuator body. 

11. A disc drive including one or more discs mounted for 
rotation on a hub of a spindle motor and an actuator for 
moving an array of read/Write heads in cooperation With the 
discs, the actuator further including a plurality of actuator 
head mounting arms positioned axially above and beloW 
each disc, the disc drive further comprising a disc travel 
limiter for preventing contact betWeen the discs and the 
actuator head mounting arms, the disc travel limiter com 
prising: 

a backing member for mounting the disc travel limiter; 
and 

a plurality of limiter arms extending from the backing 
member to a position over a non-data area of the discs 
adjacent the outer diameter of the discs, 

the limiter arms further comprising contact features 
disposed axially closer to the discs than the actuator 
head mounting arms. 

12. A disc drive as claimed in claim 11 Wherein the disc 
travel limiter is formed of a sloW-modulus material. 

13. A disc drive as claimed in claim 12 Wherein the 
sloW-modulus material is aluminum. 
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14. A disc drive as claimed in claim 12 Wherein the 
sloW-modulus material is a plastic. 

15. A disc drive as claimed in claim 14 Wherein the plastic 
is Stat-con®. 

16. A disc drive as claimed in claim 14 Wherein the plastic 
is Ultem®. 

17. Adisc drive as claimed in claim 11 Wherein the limiter 
arms are generally rectilinear in form and the contact fea 
tures provide line contact With the discs. 

18. Adisc drive as claimed in claim 11 Wherein the limiter 
arms are generally cylindrical in shape and the contact 
features provide point contact With the discs. 

19. A disc drive as claimed in claim 11 Wherein the disc 
travel limiter is mounted to a housing of the disc drive in a 
?xed relationship to the discs. 

20. A disc drive as claimed in claim 11 Wherein the disc 
travel limiter is mounted to the actuator. 

21. A disc drive including one or more discs mounted for 
rotation on a hub of a spindle motor and an actuator for 
moving an array of read/Write heads in cooperation With the 
discs, the actuator further including a plurality of actuator 
head mounting arms positioned axially above and beloW 
each disc, the disc drive further comprising: 

means for limiting the travel of the outer diameter of the 
discs in response to applied mechanical shocks to 
prevent contact betWeen the discs and the actuator head 
mounting arms. 


