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ROTATIONAL VIBRATION IN A MODULE ENCLOSURE Field of the Invention The
present invention relates generally to enclosures for plural 5 modular
objects, such as computer disk drives or other data storage modules, that
produce rotational vibration. More particularly) the present invention
concerns a stabilization or dampening mechanism that can be coupled to an
enclosure for data storage modules to limit undesired effects of rotational
vibration caused by high speed computer disk drives. 10 Background of the
Invention Data storage equipment components typically comprise plural data
storage modules that slidably dock within a module enclosure. Examples of
such enclosures are shown in the following two patents, U.S. Patents Nos.
6,154,361 to Anderson et al. and 6,052,278 to Tanzer et al., each of which
is 15 incorporated herein by reference. Each of those patents disclose
examples of a representative removable module enclosure system, also
referred to as a disk drive chassis or disk-drive enclosure. A typical data
storage module will include many (e.g. 15) disk drives, and each drive
includes an internal drive mechanism and a drive platter 20 that spins at
high speeds during operation. Typical applications for data storage modules
include data centers that have one or more servers and plural removable
module enclosures. As shown in the incorporated references) there are many
known data storage module enclosures, but none deal effectively with the
problem of the undesired effects of rotational vibration caused by high 25
speed computer disk drives. Conventional drive platters spin at speeds of
greater than 7200 rpm creating gyroscopic forces that result in rotational
vibration. That rotational vibration causes undesired effects on the
operation of the disk drives themselves. Those undesired effects include
slight vibrations in the read/write 30 arm of the disk drive in the same
plane as the drive platters, which in turn cause      7 March 2003
undesired read/write errors in the data collection, thereby reducing
performance. Conventional proposals have been somewhat effective to reduce
external vibrations but have not been as effective in limiting or dampening
the above-described rotational vibrations that are created internally
within the 



5 platters. Summary of the Invention The invention may be thought of as a
stabilization mechanism that limits rotational vibration in a module
enclosure containing plural objects, such as computer disk drives, that
produce rotational vibration about a 10 rotational axis. Alternatively) the
invention may be thought of as a dampening mechanism. In either case) the
invention includes a stabilizer (or dampening) structure coupled to an
outer surface of the module enclosure and constructed to transmit a force
toward the module enclosure that is effective to stabilize the module
enclosure and the dish drive. The stabilization mechanism may be 15 formed
as plural) such as first and second) spring-loaded contacts that apply a
constant force to the module enclosure and disk drive. 'The first
spring-loaded contact is positioned adjacent that section of the disk drive
containing the drive mechanism and the second spring-loaded contact is
positioned adjacent that section of the disk drive containing the drive
platter. The second spring 20 loaded contact transmits a force that is
greater than the force transmitted by the first spring-loaded contact. The
force transmitted by the second spring-loaded contact is in the range of
about 12-17 pounds) and the force transmitted by the first spring-loaded
contact is in the range of about 3-7 pounds. Brief Description of the
Figures 25 Fig. 1 is a fragmentary isometric view of the preferred
embodiment of the invention having been incorporated into a module
computer-disk-storage enclosure. Fig. 2 is a section view of Fig. 1 through
lines 2-2. Fig. 3 is an enlarged) fragmentary view showing part of the 30
preferred embodiment of the invention.   7 March 2003 Detailed Description
of the Invention From an overview) there is discussed below one embodiment
of the present invention as it relates to a certain to-be-described
removable module enclosure with a to-be-described outer surface including a
top rail. 5 However) it should be understood that the invention maybe
incorporated in various module enclosures and the description below is
meant to provide one example of how the invention may be used. In addition
to the representative .removable module enclosures shown in the Referring
to Figs. 1 and 2, the presently described embodiment of 10 the invention is
shown at 10 as a dampening mechanism or stabilization mechanism for a
removable module computer-disk-storage enclosure 12 for storing plural
removable computer-disk modules (or drives), one of which is shown at 14.
Only those features of enclosure 12 that are pertinent to mechanism 10 are
shown and it is understood that mechanism 10 could be I S incorporated in
any module enclosure system. As shown, module enclosure 12 includes an
outer surface 15 



formed from a bottom support plate 16 and a top rail 18. Top rail 18
includes ridges 18a) 18b, and tabs 18c. The top rail is also formed with
openings 19 for reasons to be described. While undepicted, sides and other
structural sections 20 are included as shown in Anderson et al. and Tanner
et al. Also for reasons to be described, computer-disk-storage module 12
includes a latch or lever member 20, and bottom support plate 16 includes
plural guide members 22 defining tracks or borders for removably receiving
plural modules like module 14. Latch 20 is suitably pivotably attached to
the module as shown generally in 25 Fig. 2 and in representative further
detail in Tanner et al. Still referring to Figs. 1 and 2) dampening
mechanism 10 is effective to lessen rotational vibration in module
enclosure 12 for plural computer disk drives due to relatively high speed
rotation of computer drive platters) such as the platter shown
schematically and by dashed lines at 24 in 30 Fig. 2. The platter rotates
in the direction shown by the arrow about a    7 March 2003 rotational axis
R. As is known to those skilled in the art, computer disk drives such as
drive 14 also have an internal section containing a drive mechanism (shown
schematically at 25 in Fig. 2). Turning now to the details of mechanism 10)
it includes stabilizer 5 structure (also refereed to as dampening
structure) 26 coupled to outer surface 15 and constructed to transmit a
constant force toward module 14 as shown in Fig. 2. That force is effective
to stabilize module 14 and the computer disk drive when the disk drive
produces rotational vibration during operation as discussed above. For the
enclosure shown in the drawings) the stabilizer 10 structure is formed as
plural spring-loaded members (also referred to as contacts), such as first
spring-loaded member 28 and second spring-loaded member 30) and each apply
g constant force to the module. Referring to Figs. 1-3, first spring-loaded
contact 28 is positioned adjacent that section of module 14 containing
drive mechanism 25 and second 15 spring-loaded contact 30 is positioned
adjacent that section of the disk drive containing drive platter 24. In the
depicted embodiment, it will be appreciated that second spring-loaded
contact 30 is over and approximately aligned with rotational axis R of
platter 24. First spring-loaded contact 28 is over a forward region of
module 14. 20 For reasons to be described, second spring-loaded contact 30
transmits a force F2 that is greater than a force F, transmitted by first
springloaded contact 28. Typically) the force transmitted by second
spring-loaded contact 30 is in the range of about 12-17 pounds, and the
force transmitted by first spring-loaded contact 28 is in the range of
about 3-7 pounds. 25 For the application depicted in the drawings) contact
28 is formed of 1.2mm thick sheet metal, and includes plural spring plates
28a (each formed to extend at a preselected nominal downward angle of
approximately 29 (Fig. 3) from the plane of top rail 18 and deflect
upwardly up to approximately 13.5 from its nominal downward angle (Fig. 2))
and support/attachment region 28b. 30 Spring plates 28a, it will be
appreciated, selectively engage module 14 via latch    7 March 2003 20)
typically bilaterally, adjacent opposite sides edges of the module to
enhance stability. Region 28b is suitably coupled to top rail 18 using a
process know as flaring which is similar to spot welding. As shown in Figs.
1-2) region 28b is formed with an inverted channel to add a desired level
of rigidity to the module 5 enclosure. Still referring to Figs. 1-3)
contact 30 is formed of 0.5mm thick sheet metal) and includes plural spring
plates 30a, support/attachment region 30b, clip region 30c and back support
region 30d. Referring to Fig. 3) contact 30 is removably attachable to top
rail 18 by moving it downwardly in the 10 direction of the arrow toward the
top rail so that clip region 30c can make a clip interference fit with
ridge 18a. When it is moved downwardly toward top rail 18, contact 30 is
moved at an angle (undepicted in Fig. 3) with back support region 30d first
being moved into place against ridge 18b so that tabs 18c extend through
corresponding openings 30e formed in back support region 30d 15 (shown best
in Fig. 2). Then contact 30 is moved in mating contact with top rail 18
(see for example Fig. 1) so that clip region 30c is clipped onto ridge 18a 



and so that spring plates 30a also form an interference fit with top rail
18) extending downwardly at a preselected angle of approximately 29 into
openings 19 formed in top rail 18. Spring plates 30a thus engage module 14
in 20 a rearward region thereof, typically centrally across the module. As
an alternate (undepicted) way of securing contact 30 in position, tabs 18c
may be formed as part of back support region 30d so that they can be moved
into openings as part of the above-described removable attachment of
contact 30 to top rail 18. 25 Spring plates 28a and 30a thus provide a
tripod-like spring engagement of the upper surface of the module. This
results in a stabilization mechanism which effectively limits rotational
vibration of plural removable modules. It will also be appreciated that the
stabilization mechanism of the . invention is flexible in that many
different configurations of spring plates are    7 March 2003 possible to
meet the needs of a particular application. The tripod-like spring
engagement shown in the figures is but one example of those possible
configurations of spring plates. From the above description) it should be
understood that 5 stabilizer or dampening structure 10 could be formed in a
variety of configurations, including as contacts that provide single or
plural spring plates) with contacts 28, 30 providing an example of a
version that provides plural spring plates. The stabilizer or dampening
structure may also be constructed to provide any desired force. For example
contacts 28, 30 may transmit 10 preselected forces based upon variations in
material choice and deflection angle of the spring plate relative to the
top rail of the enclosure. Due to its feature of being removably attachable
to top rail 18, contact 30 may also be replaced with a contact being
capable of transmitting a different) desired range of forces. The forces
transmitted by contacts 28 and 30 may also be the same or may vary as 15
desired. It has been found for the application depicted in the figures that
constructing rear contact 30 to transmit a greater force than front contact
28 is particularly advantageous in limiting rotational vibration caused by
the drive platter located in the rear of the module enclosure. Industrial
Applicability 20 The invented stabilization or dampening mechanism has
broad applicability in connection with module enclosures for
rotational-vibration producing objects such as computer disk drives. Module
enclosures equipped with the stabilization or dampening mechanism of the
invention will be effective to limit undesired effects of rotational
vibration caused by high speed drive 25 platters, and as a result, those
module enclosures will limit corresponding damage to drive platters as well
as the known deficiencies in drive operation due to rotational vibration.
The invented mechanism is inexpensively manufactured using existing tools,
dies and assembly processes and equipment.   



7 7 March 2003 Accordingly) while the present invention has been shown and
described with reference to the foregoing preferred embodiments, it will be
apparent to those skilled in the art that other changes in form and detail
may be made therein without departing from the spirit and scope of the
invention as 5 defined in the appended claims.   7 March 2003 8 WE CLAIM:
1. A stabilization mechanism for limiting rotational vibration in a module
enclosure that contains an object that produces rotational vibration about
a rotational axis, the module enclosure including an outer surface, the
stabilization mechanism comprising: stabilizer structure coupled to the
outer surface and constructed to transmit a force toward the object that is
effective to stabilize the object in the module enclosure when the object
produces rotational vibration; wherein the object is a computer disk drive
having an internal section containing a drive mechanism and another
internal section containing a drive platter that is rotatable at relatively
high speeds; and wherein the stabilizer structure includes a first
spring-loaded contact (28) positioned adjacent that internal section of the
disk drive containing the drive mechanism (25) and a second spring-loaded
contact (30) removably positioned adjacent that internal section of the
disk drive containing the drive platter (24), the first and second
spring-loaded contacts applying a substantially constant force to the
computer disk drive. 2. The stabilization mechanism (10) of claim 1 wherein
the second spring-loaded contact (30) transmits a force that is greater
than the force transmitted by the first spring-loaded contact (28). 3. The
stabilization mechanism (10) of claim 1 wherein the force transmitted by
the second spring-loaded contact (30) is in the range of approximately 12
pounds to 17 pounds, and the force transmitted by the first spring-loaded
contact (28) is in the range of approximately 3 pounds to 7 pounds.   9 7
March 2003 4. The stabilization mechanism ( 10) of claim 1 w herein the
first spring-loaded contact (28) includes a pair of plates (28a) positioned
to engage the object (14) bilaterally. 5. The stabilization mechanism (10)
of claim 1 wherein the second spring-loaded contact (30) includes a plate
(30a) positioned to engage the object ( 14) centrally. 6. In a module
enclosure for plural computer disk drives, a dampening mechanism for
lessening rotation vibration due to relatively high speed rotation of
computer drive platters associated with plural disk drives, the module
enclosure including an outer surface, the dampening mechanism comprising:
dampening structure coupled t o t he outer surface and constructed t o
transmit a force toward the plural disk drives that is effective to
stabilize the plural disk drives in the module enclosure when the drive
platters associated with the disk drives produce rotational vibration
during operation; and wherein the dampening structure is formed as a first
spring-loaded contact positioned over a section of the plural disk drives
containing drive mechanisms and a second spring-loaded contact removeably
positioned over a section of the plural disk drives containing the drive
platters. 7. The dampening mechanism of claim 6 wherein the second
spring-loaded contact exerts a force on each disk drive that is greater
than a force exerted by the first spring-loaded contact on each disk drive.
8. The dampening mechanism of claim 7 wherein the force exerted by the
second spring-loaded contact on each disk drive is in the range of
approximately 12 pounds to 17 pounds, and the force exerted by the first
spring-loaded contact on each disk drive is in the range of approximately 3
pounds to 7 pounds. .ANSe.A(.A(.Aa .A(.A;,.Afu2.Aa.A_ 2]t:v]$cN4S. ~   
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