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ACOUSTIC ATTENUATION IN DATA STORAGE ENCLOSURES

TECHNICAL FIELD

[0001] Aspects of the disclosure are related to the field of data storage and attenuation of

acoustics in data storage enclosures.

TECHNICAL BACKGROUND

[0002] Computer and network systems such as data storage systems, server systems, cloud
storage systems, personal computers, and workstations, typically include data storage devices
for storing and retrieving data. These data storage devices can include hard disk drives
(HDDs), solid state storage drives (SSDs), tape storage devices, optical storage drives, hybrid
storage devices that include both rotating and solid state data storage elements, and other

mass storage devices.

[0003] As computer systems and networks grow in numbers and capability, there is a need
for ever increasing storage capacity. Data centers, cloud computing facilities, and other at-
scale data processing systems have further increased the need for digital data storage systems
capable of transferring and holding immense amounts of data. Data centers can house this
large quantity of data storage devices in various rack-mounted and high-density storage

configurations.

[0004] One approach to providing sufficient data storage in data centers is the use of
arrays of independent data storage devices. Many data storage devices can be held in an
electronics enclosure. An electronics enclosure is a modular unit that can hold and operate
independent data storage devices in an array, computer processors, routers and other
electronic equipment. The data storage devices are held and operated in close proximity
within the electronics enclosure, so that many data storage devices can be fit into a defined
volume. Operating many data storage devices within close proximity within the electronics

enclosure can create heat issues and lead to premature failure of the data storage devices.

[0005] Electronics enclosures typically include fans or other cooling devices. If a fan fails
in an electronics enclosure having two or more fans, the failed fan becomes the pathway of
least resistance for airflow and diverts cooling airflow away from the data storage devices.
Some electronics enclosures include assemblies with hinged louvers that attach to the

exhaust-side of the fan. When a fan fails, the louvers close under the force gravity or an
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active servo mechanism and prevent backflow through the failing fan. These louver
assemblies are typically mounted external to the data storage assemblies or electronics
enclosures to maximize usage of interior space for electronics components. Externally
mounted backflow louvers add bulk to the enclosure and can interfere with cables, power
cords, and walls near to the enclosure. Furthermore, louvered designs include many moving

parts, which can lead to reduced reliability of electronics enclosures.

[0006] While densities and workloads for the data storage devices increase, individual
data enclosures can experience increased failure rates due to the increased densities and
higher operating temperatures. Moreover, tight packing of data storage devices within
enclosures, such as within rack-mount modular units, can lead to harsher vibrational and
thermal environments for data storage devices. These harsh environments, such as due to fan
mechanical vibrations, acoustic disturbance, flow induced disturbance, or other acoustic
disturbances, can affect reliability and readability of data storage devices that incorporate
rotating magnetic media. In systems with dozens of hard drives and fans for cooling, the fans
can cause vibration disturbances during reading and writing in the hard drives with hard

drives closest to the fans most affected by the fan noise.

OVERVIEW

[0007] To provide enhanced operation of data storage devices and systems, various
systems and apparatuses are provided herein. In a first example, a data storage assembly
includes an enclosure configured to house at least one data storage device and a fan assembly
configured to provide airflow within the enclosure to ventilate the at least one data storage
device. A plurality of acoustic waves emanate into the data storage device from one or more
fans of the fan assembly during operation. An acoustic attenuation device positioned within
the enclosure and configured to deflect at least a first portion of the plurality of acoustic
waves away from the at least one data storage device and absorb a portion of acoustic wave

energy of at least a second portion of the plurality of acoustic waves.

[0008] In another example, a data storage system includes a chassis having a data storage
device space defined therein to house a data storage device, the chassis having a first opening
on a first side and a second opening on a second side opposite the first side. A fan assembly
coupled to the housing and configured to cause an airflow to pass through the chassis from

the first side to the second side and around the data storage device to cool the data storage
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device. An acoustic attenuation device enclosed within the chassis and configured to redirect
a first portion of a first plurality of acoustic waves generated by the fan assembly away from
the data storage device space and to absorb acoustic wave energy of a second portion of the

first plurality of acoustic waves.

[0009] In another example, a data storage system includes a data storage device and a
housing enclosing the data storage device. The housing has a first opening on a first side and
a second opening on a second side opposite the first side. A fan assembly is coupled to the
housing and configured to draw an airflow through the enclosure from the first side to the
second side. The data storage device impedes the airflow through the housing by a first flow
impedance value. An acoustic attenuation device is also enclosed within the enclosure
between the data storage device and the fan assembly, the acoustic attenuation device
comprising a plurality of surface contours configured to redirect a first plurality of acoustic
waves generated by the fan assembly away from the data storage device. The acoustic
attenuation device impedes the airflow through the housing by a second flow impedance

value. The second flow impedance value is less than the first flow impedance value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Many aspects of the disclosure can be better understood with reference to the
following drawings. The components in the drawings are not necessarily to scale, emphasis
instead being placed upon clearly illustrating the principles of the present disclosure.
Moreover, in the drawings, like reference numerals designate corresponding parts throughout
the several views. While several embodiments are described in connection with these
drawings, the disclosure is not limited to the embodiments disclosed herein. On the contrary,

the intent is to cover all alternatives, modifications, and equivalents.
[0011] Figure 1is a system diagram illustrating a data system.
[0012] Figure 2 illustrates an acoustic attenuation device.

[0013]  Figure 3 illustrates an electronics enclosure incorporating the acoustic attenuation

device of Figure 2.

[0014] Figure 4 illustrates an acoustic attenuation device.
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[0015]  Figure 5 illustrates an exploded view of a data storage device sled assembly

incorporating the acoustic attenuation device of Figure 4.

[0016] Figure 6 illustrates an acoustic attenuation device incorporated into an electronics

enclosure.

[0017]  Figure 7 illustrates a schematic diagram of a data system without acoustic

attenuation.
[0018] Figure 8 illustrates a schematic diagram of a data system with acoustic attenuation.
[0019] Figure 9 illustrates an acoustic attenuation device.

[0020] Figure 10 illustrates an acoustic attenuation device incorporated into an electronics

enclosure.

DETAILED DESCRIPTION

[0021]  Data storage devices, such as hard disk drives (HDDs), solid state drives (SSDs),
and hybrid disk drives that have both rotating and solid state storage elements, can be
included in various arrayed configurations, such as rack-mounted modular enclosures, which
house dozens of individual drives. Cooling or ventilation fans can be included with the
enclosures to direct airflow over the various drives. Power supply equipment can also be
included to provide power to the various storage devices, to convert input power from a

utility or building infrastructure to a form usable by the storage devices.

[0022]  Drives, which incorporate rotating media, such as rotating magnetic media of hard
disk drives or hybrid disk drives, among others, also include various electromechanical
elements to position read/write heads over the spinning media. These electromechanical
elements include armatures, motors, actuators, voice coils, servos, or other elements, which
can be affected by vibration of the drive elements themselves or by vibrational environment
in which the drives are included. This vibrational environment can include vibrations or
acoustic disturbances introduced by the ventilation fans, as well as the drives themselves. For
example, a drive, which performs many random read/write operations, can induce more
vibration into the surrounding environment of that drive due to rapid movements of the
associated electromechanical elements within the drive. Other components within a storage

enclosure, such as fans, can also affect the vibration levels within an associated enclosure.
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The examples herein discuss various systems, software, devices, and methods to alter the
vibrational disturbance environment of a storage enclosure. Specifically, speeds and phase
relationships among ventilation fans can be altered to reduce acoustic disturbances to the data

storage devices in an enclosure.

[0023]  As afirst example of a data storage system, Figure 1 is presented. Figure 1is a
system diagram illustrating system 100. System 100 includes data storage system 110 and
one or more host systems 140. Data storage system 110 and host system 140 communicate
over storage link 130. Data storage system 110 can be included in an environment that

includes one or more data storage arrays, such as a rackmount computing environment.

[0024] In Figure 1, data storage system 110 comprises an assembly that includes control
system 111, sensors 112, chassis or enclosure 113, a plurality of fan assemblies 115-117, an
acoustic attenuator system 118, and a plurality of data storage devices 120-124. Each of data
storage devices 120-124 can include one or more rotating storage media, such as shown in the
detailed view for data storage device 124 as including rotating media 125 and read/write
heads/armature assembly 126. In some examples, ones of data storage devices 120-124
include solid state storage media, and may omit rotating media, or can include combinations

of rotating and solid state storage media.

[0025] Control system 111 is communicatively coupled to data storage devices 120-124
and sensors 112. Although control system 111 is shown as internal to data storage system
110 in this example, it should be understood that in other examples control system 111 can be
included in other elements external to data storage system 110. Furthermore, elements of

control system 111 can be included in individual ones of data storage devices 120-124.

[0026] In operation, data storage system 110 receives read or write transactions over
storage link 130 issued by host system 140, such as write operations 131 and read operations
132. Responsive to read operations, individual data storage devices in data storage system
110 can retrieve data stored upon associated storage media for transfer to host system 140.
Responsive to write operations, individual data storage devices in data storage system 110
store data on the associated storage media. It should be understood that other components of
data storage system 110 and data storage devices 120-124 are omitted for clarity in Figure 1,

such as transaction queues, chassis, interconnect, read/write heads, media, armatures,
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preamps, transceivers, processors, amplifiers, motors, servos, enclosures, and other electrical

and mechanical elements.

[0027] Data storage system 110 comprises a plurality of data storage devices 120-124.
These data storage devices are coupled to control system 111 by one or more storage links,
which can comprise a serial ATA interface, Serial Attached Small Computer System (SAS)
interface, Integrated Drive Electronics (IDE) interface, Non-Volatile Memory Express
(NVMe) interface, ATA interface, Peripheral Component Interconnect Express (PCle)
interface, Universal Serial Bus (USB) interface, wireless interface, Direct Media Interface
(DMI), Ethernet interface, networking interface, or other communication and data interface,
including combinations, variations, and improvements thereof. Data storage system 110 can
also comprise cache systems, chassis, enclosure 113, fan assemblies 115-117, interconnect,

cabling, or other circuitry and equipment.

[0028] Control system 111 includes processing circuitry, communication interfaces, and
one or more non-transitory computer-readable storage devices. The processing circuitry can
comprise one or more microprocessors and other circuitry that retrieves and executes
firmware from memory for operating as discussed herein. The processing circuitry can be
implemented within a single processing device but can also be distributed across multiple
processing devices or sub-systems that cooperate in executing program instructions.
Examples of the processing circuitry include general purpose central processing units,
application specific processors, and logic devices, as well as any other type of processing
device, combinations, or variations thereof. The communication interfaces can include one
or more storage interfaces for communicating with host systems, networks, and the like. The
communication systems can include transceivers, interface circuitry, connectors, buffers,

microcontrollers, and other interface equipment.

[0029]  Sensors 112 can include analog or digital vibration sensors or acoustic disturbance
sensors configured to detect vibration or acoustic disturbance in enclosure 113, near any of
data storage devices 120-124, or associated with other elements of data storage system 110,
such as fan assemblies 115-117. Vibration sensors can include accelerometers, gyroscopic
sensors, microphones, acoustic sensors, or other vibration sensors. Sensors 112 can also
detect failures of various components of data storage system 110, such as failure of power
supplies, fans, data storage devices, and the like, which can affect the vibrational

environment of data storage system 110. Sensors 112 can also include various interfaces for
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communicating measured information, such as to control system 111. These interfaces can
include transceivers, analog-to-digital conversion elements, amplifiers, filters, signal
processors, among other elements. In some examples, sensors 112 can each include
microcontroller elements, programmable logic, or discrete logic to control the operations of
sensors 112. In some examples, data storage devices 120-124 each can include ones of
sensors 112, and data storage devices 120-124 can include equipment and circuitry to transfer

sensor information over an associated storage or host interface to control system 111.

[0030] Enclosure 113 comprises structural elements to house and structurally support the
elements of data storage system 110. Enclosure 113 can include chassis elements, frames,
fastening elements, rackmount features, ventilation features, among other elements. In many
examples, enclosure 113 also includes fans 1115-117 or other cooling and ventilation

elements for providing airflow to the elements of data storage system 110.

[0031] Fan assemblies 115-117 provide airflow to elements within enclosure 113, such as
the elements of data storage system 110. Airflow is created as air is drawn through one or
more openings 114 in one end of enclosure 113 and forced through one or more openings 119
in another, opposite end of enclosure 113. Fan assemblies 115-117 can comprise any fan
type, such as axial-flow, centrifugal and cross-flow, or other fan types, including associated
ducts, louvers, fins, or other directional elements, including combinations and variations

thereof.

[0032] Data storage system 110 also includes one or more power supplies to convert
external input power sources or provide various forms of electrical energy to the elements of
data storage system 110. Power supplies can each comprise power conversion elements,
power electronics, transformers, voltage conversion circuitry, among other elements. Power
supplies can also be included in an assembly with one or more ventilation fans, such as fan
assemblies 115-117, to provide cooling and ventilation to the power supplies and to other

components in enclosure 113.

[0033] Each of data storage devices 120-124 includes one or more computer readable
storage media accessible via one or more read/write heads and associated electromechanical
elements. In Figure 1, an example detailed view of data storage device 124 is shown to
highlight rotating media 125 and read/write heads and armature assembly 126, and these

elements can be included in each of data storage devices 120-124, although variations are
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possible among the data storage devices, such as when solid state media are employed. Data
storage devices 120-124 can also each include processing circuitry, communication
interfaces, armatures, preamps, transceivers, processors, amplifiers, motors, servos,
enclosures, and other electrical and mechanical elements. Data storage devices 120-124 can
each comprise a hard disk drive, hybrid disk drive, solid state drive, or other computer
readable storage device, including combinations thereof. Data storage devices 120-124 can
each include further elements that can comprise similar elements as sensors 112. The
computer readable storage media of data storage devices 120-124 can each include rotating
magnetic storage media, but can additionally include other media, such as solid state drive
elements, caches, or cache systems. These other media can include solid state storage media,
optical storage media, non-rotating magnetic media, phase change magnetic media, spin-
based storage media, or other storage media, including combinations, variations, and
improvements thereof. In some examples, data storage devices 120-124 each comprise a
hybrid hard drive employing solid state storage elements in addition to rotating magnetic
storage media. Associated storage media can employ various magnetic storage schemes,
such as random write techniques, shingled magnetic recording (SMR), perpendicular
magnetic recording (PMR), or heat-assisted magnetic recording (HAMR), including

combinations, variations, and improvements thereof.

[0034] Host system 140 can include processing elements, data transfer elements, and user
interface elements. In some examples host system 140 is a central processing unit of a
computing device or computing system. In other examples, host system 140 also includes
memory elements, data storage and transfer elements, controller elements, logic elements,
firmware, execution elements, and other processing system components. In yet other
examples, host system 140 comprises a RAID controller processor or storage system central
processor, such as a microprocessor, microcontroller, Field Programmable Gate Array
(FPGA), or other processing and logic device, including combinations thereof. Host system
140 can include, or interface with, user interface elements, which can allow a user of data
system 100 to control the operations of data system 100 or to monitor the status or operations
of data system 100. These user interface elements can include graphical or text displays,
indicator lights, network interfaces, web interfaces, software interfaces, user input devices, or
other user interface elements. Host system 140 can also include interface circuitry and
elements for handling communications over bus 130, such as logic, processing portions,

buffers, transceivers, and the like.
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[0035] Bus 130 can include one or more serial or parallel data links, such as a Peripheral
Component Interconnect Express (PCle) interface, serial ATA interface, Serial Attached
Small Computer System (SAS) interface, Integrated Drive Electronics (IDE) interface, ATA
interface, Universal Serial Bus (USB) interface, wireless interface, Direct Media Interface
(DMI), Ethernet interface, networking interface, or other communication and data interface,
including combinations, variations, and improvements thereof. Although one bus 130 is
shown in Figure 1, it should be understood that one or more discrete links can be employed

between the elements of data system 100.

[0036] Closely positioning the data storage devices 120-124 within the enclosure 113
increases the heat load and tends to make heat extraction more difficult. As such, strong
cooling fans 115-117 are used to force enough air through the limited flow area. This
typically results on large acoustic disturbances in addition to the disturbances due to
neighboring drives performing seek functions. Such acoustic disturbance on the data storage
devices 120-124 positioned close to cooling fans 115-117 in enclosure 113 can be great

enough to significantly degrade the performance of those drives.

[0037]  Figure 2 illustrates an example of an acoustic attenuator 200 of the acoustic
attenuator system 118 of Figure 1. Acoustic attenuator 200 comprises one or more
acoustically attenuating or dampening materials that can alter acoustic properties associated
with fan assemblies 115-117 to reduce negative acoustic effects on the storage devices 120-
124. Acoustic attenuator 200 accomplishes acoustic effect reduction at least through a
dampening or absorption of acoustic energy over a range of frequencies as well as through a

redirection or deflection of the acoustic waves.

[0038] The material or material composition of acoustic attenuator 200 is designed to
dampen or absorb acoustic waves within the material of the attenuator. Acoustic attenuator
200 can comprise foams, polymers, metal foams, glass fibers, cellulose, baffles, resonant
chambers, or other materials and elements that absorb or trap acoustic waves at disturbance
frequencies. Examples of the material composition of the acoustic attenuator layers include:
closed cell polymeric foam material; open-cell polymeric foam material; fiber board or
cardboard, which has a high density but is soft and lossy; corrugated paper, which has a low
density and is lossy by virtue of its structure; corrugated plastic; elastomer; woven or pressed
textile; fiber; molded paper-pulp such as egg-carton and packaging corner blocks; and

combinations of these materials.
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[0039] With a material such as foam, which can have a density to comparable to that of
air, a portion of the acoustic wave enters the material, and the rest is deflected. The foam
dissipates some of the energy of the portion that travels through it. Multiple deflections and

absorption of the energy by the foam result in attenuation of the acoustic waves.

[0040] The material of acoustic attenuator 200 typically has one or more attenuation
frequencies or frequency ranges over which acoustic waves are attenuated or reduced. In a
further example, acoustic attenuator 200 can include metamaterials that can be selectively

tuned though microstructures to dampen certain selected acoustic frequencies.

[0041] In addition to dampening acoustic waves within the material itself, the outer
surface 205 of the acoustic attenuator 200 may include contours or other texturing 210
designed to deflect and scatter the acoustic waves in directions away from the storage devices
120-124. In this manner, the waves are deflected before they can reach the storage devices
120-124. In a preferable embodiment, the texturing 210 of the attenuator surface 205
maximizes acoustic wave scattering to minimize the amount of acoustic waves that have a
direct line of propagation toward the storage devices 120-124. The texturing 210 preferably
causes an acoustic wave to be deflected or redirected multiple times away from the acoustic
attenuator 200 before being able to pass into the acoustic dampening material. Every time
acoustic waves are deflected at an interface, a portion of their energy passes through the
interface and is partially absorbed. As a result, the deflected wave energy can be lower than
the incident wave’s energy. Therefore, multiple deflections on acoustic damping materials
can attenuate acoustic disturbance. Typically, lower density and lossy material such as open-

cell acoustic foam can provide best absorption and attenuation.

[0042]  As illustrated in Figure 2, texture 210 of surface 205 includes surface undulations
designed to deflect acoustic waves away from surface 205. In this embodiment, texture 210
includes horizontal groups 215 of three undulations and vertical groups 220 of three
undulations. The alternating pattern of horizontal and vertical groups 215, 220 helps to
maximize the redirection of acoustic waves impinging texture 210 away from surface 205.
The texturing can also help with impedance matching of the interface and improving the

acoustic wave absorption.

[0043] As described above, fan assemblies 115-117 provide airflow to elements within

enclosure 113. While reducing their acoustic effects on the storage devices 120-124 is

10
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desirable, their ability to provide cooling to storage devices 120-124 also needs to be
maintained. Accordingly, acoustic attenuator 200 also includes passages or holes 225 that

allow cooling air to flow therethrough.

[0044] Referring to Figure 3, data storage system 110 with acoustic reduction is shown.
Figure 3 illustrates a plurality of sleds 320-324 respectively enclosing storage devices 120-
124 therein. Each sled includes an opening 305 on a first side facing away from fans 115-117
and another opening 310 on a second side facing fans 115-117. When fans 115-117 are
operating air is drawn through openings 305 and 310 of sleds 320-324 in the general direction
of airflow 315 through enclosure 113.

[0045]  Acoustic noise from fans 115-117 that propagates through enclosure 113 toward
sleds 320-324 is attenuated by attenuators 200 as described above. As shown, a separate
acoustic attenuator 200 is attached to the end of each sled 320-324 near respective openings
310 to attenuate or prevent the fan noise from reaching the storage devices 120-124. To
allow the airflow to continue to flow through enclosure 113, holes 225 in the attenuators 200
are sized and spaced to provide as minimal of an effect on airflow as possible while yet

allowing the attenuator 200 to providing heightened acoustic attenuation.

[0046] In a preferred embodiment, the combined cross-section area of the holes 225 in
each acoustic attenuator 200 prevents an increase in the airflow impedance through the data
storage system 110, and the cross-section of each hole 225 is small enough to allow the
acoustic attenuators 200 to attenuate most of the acoustic waves generated by fans 115-117.
In addition, the effect of dust clogging that can happen in small hole diameters is taken into
account in sizing the diameters of holes 225. If the diameters are individually too small, dust
can be collected in the holes 225, and partial or total blocking of air passage therethrough can
occur, which can lead to a reduction in the amount of cooling air that can cool the system

110.

[0047] While Figure 3 illustrates an embodiment of separate acoustic attenuators 200
coupled to individual sleds 320-324, alternative embodiments are also contemplated. For
example, rather than having an individual attenuator 200 for each sled 320-324, a single,
large attenuator crossing the width of enclosure 113 between sleds 320-324 and fans 115-117

may be incorporated.

11
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[0048] Figure 4 illustrates an acoustic attenuator 400 according to another embodiment.
Acoustic attenuator 400 has some similarities with acoustic attenuator 200 above. For
example, acoustic attenuator 400 is also designed to dampen or absorb acoustic waves within
the material of the attenuator. Acoustic attenuator 400 may also be constructed of the same
materials as described above such as, for example, an open-cell foam for a high level of

acoustic wave absorption and attenuation.

[0049]  Acoustic attenuator 400 is illustrated with a different texture 410 or contouring of
its surface 405. To increase a cross-flow within the enclosure, surface 405 may have one or
more crosscuts 415 formed therein that reduce a resistance to the cross-flow in the air space
inside the enclosure between the fan assembly (e.g., fans 115-117 of Figure 1) and the
acoustic attenuation devices 400. In addition, some or all of the passages or holes 425 may
be formed adjacently to a respective angled opening 427 designed to lower an airflow
resistance of acoustic attenuator 400 and to provide a smoother flow profile therethrough.
The contour 410 of surface 405 is preferable designed to maximize a volume of the attenuator

while trying to minimize the impact of the impedance of the attenuator to the airflow.

[0050] Figure 5 illustrates an exploded view of a placement of acoustic attenuator 400
adjacent to a sled assembly 500. Sled assembly 500 includes a sled enclosure 505 with a
storage device 510 housed inside. Acoustic attenuator 400 is positioned between a sled
divider 515 and a rear bezel 520 of enclosure 505. In an embodiment where the sled
enclosure 505 does not have a rear bezel 520, acoustic attenuator 400 may be coupled to sled

assembly 500 via adhesive, for example.

[0051] In addition, as illustrated in Figure 6, individual acoustic attenuators 600-602 may
be respectively coupled to each fan 115-117 rather than to storage device sleds 320-324.
Figure 6 illustrates a portion of enclosure 113 showing a bulkhead 605 to which fans 115-117
are coupled. A back or rear surface 610 of attenuators 600-602 is shown. A front surface
610 of attenuators 600-602 facing fans 115-117 is designed to have contours to redirect or
deflect acoustic waves back toward fans 115-117 as described above. While rear surface 615
is shown to be planar, surface contours such as contours 210 may be incorporated therein.
However, since the rear surface 615 faces away from the source of the noise, such additional

texturing provides a reduced effect of noise scattering.

12
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[0052]  Figure 6 also shows that the thickness of acoustic attenuator 602 is different from
the thicknesses of attenuators 600-601. In addition to designing the material, hole spacing,
shape, and surface texturing of the attenuator to achieve desired attenuation properties, the
thickness also contributes to the airflow and acoustic wave attenuation properties of the
attenuator. In general, the thicker the attenuator, the greater its ability to attenuate becomes.
However, thicker attenuators also take up more room or space within the enclosure 113 and
can affect cross-flow of the cooling air within the enclosure 113. Thicker attenuators also
tend to have a larger airflow resistance value, causing overall system flow impedance to be
affected. It is sometimes less desirable or even not possible to grow the space within an
enclosure to account for the addition of acoustic attenuators. Accordingly, available space
within the enclosure is often an important factor when designing acoustic attenuators
according to embodiments of the design. While Figure 6 shows acoustic attenuators of
different thicknesses within the same system to illustrate different thickness designs, the
acoustic attenuators in a same system may have all design properties (e.g., material, hole
spacing, shape, surface texturing, etc.) in common with each other or may each have design

properties separate and distinct from each other.

[0053] Figures 7 and 8 illustrate simplified schematic diagrams of data storage system
110. In Figure 7, acoustic waves 700-720 are shown emanating from fan assembly 116.
Acoustic waves 700, 720 are shown rebounding or deflecting off of enclosure 113 and
impinging on storage device 122. Acoustic waves 705-715 are shown directly impinging on
storage device 122 without being deflected off of other surfaces. Acoustic waves 700-720

are merely examples, and other acoustic waves having paths other than that shown in Figures
7 and 8 may exist within enclosure 113. The data storage system 110 shown in Figure 7 does
not include an acoustic device as described herein for reducing or eliminating the acoustic
waves emanating from fan assembly 116. As such, acoustic waves 700-720 are able to
penetrate into storage device 122 and may cause a detriment to the operation and reliability of

storage device 122 as described above.

[0054] Figure 8 illustrates a schematic diagram shown in Figure 7 with the addition of an
acoustic device 800 configured as described herein. Acoustic device 800 is shown to provide
a barrier for entry of acoustic waves 700, 720 into storage device 122. That is, acoustic
waves 700, 720 are completely absorbed within acoustic device 800. Acoustic waves 705,

715 are redirected or deflected away from storage device 122 before they impinge thereon.
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Acoustic device 800 partially absorbs and attenuates acoustic waves 705, 715 such that their

reflected energy is lessened.

[0055] Acoustic device 800 may not be able to completely eliminate all acoustic waves
from reaching storage device 122. Accordingly, some acoustic wave interference may
penetrate into storage device 122. Acoustic wave 710, for example, may be able to pass
through acoustic device 800 and into storage device 122. However, as shown, acoustic
device 800 is configured to reduce the intensity or strength of acoustic wave 710 such that its

impact on storage device 122 is lessened.

[0056] Figures 7 and 8 show airflow 725 passing through data storage system 110. As
illustrated in Figure 7, operation of the fan assembly 116 causes airflow 725 to pass through
data storage system 110 to ventilate the components therein such as storage device 122. The
components within data storage system 110 have an airflow impedance that impedes or
reduces a strength of airflow 725 as it is drawn through the enclosure 113. As illustrated in
Figure 7, the strength of airflow 725 through the enclosure 113 is not significantly reduced
via the addition of acoustic device 800 into the data storage system 110. The airflow
resistance or impedance of the holes (such as holes 225 shown in Figure 3) of acoustic device
800 is less than the airflow resistance or impedance of the components of data storage system
110 without acoustic device 800; thus, the strength of airflow 725 is maintained when

acoustic device 800 is placed within the system 110.

[0057]  Figure 9 illustrates an example of an acoustic attenuator 900 of the acoustic
attenuator system 118 of Figure 1 according to another embodiment. Like acoustic attenuator
200, acoustic attenuator 900 comprises one or more acoustically active materials that can
alter acoustic properties associated with fan assemblies 115-117 to reduce negative acoustic
effects on the storage devices 120-124. Acoustic attenuator 900 accomplishes acoustic effect
reduction at least through a dampening or absorption of acoustic frequencies as well as

through a redirection or deflection of the acoustic frequencies or waves.

[0058]  Attenuator 900 includes a first attenuator 905 and a second attenuator 910. In one
embodiment, first attenuator 905 is made of a cardboard sheet 915 having first and second
corrugated sheets 920, 925 on either side. Second attenuator 910 is made of a cardboard
sheet 930 having first and second corrugated sheets 935, 940 on either side. In a preferred

embodiment, first and second attenuators 905, 910 are die-cut sheets. The cardboard material
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of first and second attenuators 905, 910 helps to absorb acoustic waves. However, other
acoustic wave absorption materials such as those described above are also contemplated
herein. In another embodiment, first and second attenuators 905, 910 are made of just a
single respective corrugated sheet. Furthermore, in other embodiments, additional layers of

flat and corrugated sheets may be added to that shown for each attenuator 905, 910.

[0059] As shown, corrugated sheets 920, 925 have horizontal corrugation surfaces, and
corrugated sheets 935, 940 have vertical corrugation surfaces. The corrugations in the
surfaces of first and second attenuators 905, 910 help to deflect or redirect the acoustic waves
away from the acoustic attenuator 900 prior to reaching the storage devices 120-124 as
described above. When positioned adjacently to one another to form a 3D structure, the
opposite corrugation directions of first and second attenuators 905, 910 help to further scatter,

absorb, and trap acoustic waves before they pass through toward the storage devices 120-124.

[0060] To allow airflow through attenuator 900, a first set of openings 945 is formed in
first attenuator 905, and a second set of openings 950 is formed in second attenuator 910.
When positioned next to each other, openings 945 and 950 prevent a direct path or line of
sight between a fan on one side and a storage device on the other side. In this manner,
acoustic waves emanating from fans 115-117 come into contact with and are attenuated by
either or both of first and second attenuators 900, 910. The number, offset pattern, and
placement of openings 945, 950 are designed such that a noticeable increase in the total
cooling airflow impedance through the system 110 is avoided. The openings 945, 950 are
preferable sized and positioned such that an airflow impedance through acoustic attenuator

900 is less than the airflow impedance through the rest of the data storage system 110.

[0061] Itis also contemplated that in another embodiment, a first attenuator 905 and a
second attenuator 910 may be constructed using layers of foam with similar offset openings
as those shown in Figure 9. The separate layers may abut one another or be separated by a
distance to allow additional freedom of movement for the cooling air passing through

attenuator 900.

[0062]  Figure 10 illustrates a portion of enclosure 113 showing fans 115-117 and acoustic
attenuator 900 coupled to bulkhead 605. When fans 115-117 operate, airflow 1000 is
directed through system 110 of Figure 1 and out the back side thereof. Airflow 1000 is

required to weave itself through openings 950 and openings 945 in a non-linear fashion to
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escape the interior of the enclosure 113. Acoustic waves, travelling in the opposite direction,
are likewise required to weave themselves through openings 945 and openings 950 to reach
the enclosure interior. However, due to the acoustic wave reduction properties of acoustic
attenuator 900 as descried above, some of the acoustic waves may never reach the storage

devices 120-124 while other acoustic waves are significantly reduced in intensity.

[0063] The included descriptions and figures depict specific embodiments to teach those
skilled in the art how to make and use the best mode. For the purpose of teaching inventive
principles, some conventional aspects have been simplified or omitted. Those skilled in the
art will appreciate variations from these embodiments that fall within the scope of the
invention. Those skilled in the art will also appreciate that the features described above can
be combined in various ways to form multiple embodiments. As a result, the invention is not
limited to the specific embodiments described above, but only by the claims and their

equivalents.
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CLAIMS

What is claimed is:
1. A data storage assembly comprising:

an enclosure configured to house at least one data storage device;

a fan assembly configured to provide airflow within the enclosure to ventilate the at
least one data storage device, wherein a plurality of acoustic waves emanate into the data
storage device from one or more fans of the fan assembly during operation; and

an acoustic attenuation device positioned within the enclosure and configured to
deflect at least a first portion of the plurality of acoustic waves away from the at least one
data storage device and absorb a portion of acoustic wave energy of at least a second portion

of the plurality of acoustic waves.

2. The data storage assembly of claim 1 wherein the acoustic attenuation device

comprises a plurality of surface contours formed in a first surface thereof.

3. The data storage assembly of claim 2 wherein the plurality of surface contours
comprises a first set of surface contours arranged in a first contour pattern and a second set of
surface contours arranged in a second contour pattern, wherein the first and second contour

patterns alternate along the first surface.

4. The data storage assembly of claim 2 wherein the acoustic attenuation device
comprises a second surface opposite the first surface, and wherein the first surface is

positioned closer to the fan assembly than the second surface.

5. The data storage assembly of claim 1 wherein the acoustic attenuation device is

further constructed of a material configured to attenuate acoustic waves passing thereinto.

6. The data storage assembly of claim 5 wherein the material comprises cardboard or

comprises a polymeric foam material.
7. The data storage assembly of claim 1 further comprising:

a first corrugated cardboard sheet having corrugations extending in a first direction

and having a first plurality of opening formed therein;

17



WO 2017/132389 PCT/US2017/015150

a second corrugated cardboard sheet having corrugations extending in a second
direction orthogonal to the first direction and having a second plurality of opening formed
therein; and

wherein the first and second plurality of openings are non-overlapping in a direction

normal to the first and second corrugated cardboard sheets.

8. The data storage assembly of claim 1 wherein the acoustic attenuation device is

positioned closer to the at least one data storage device than to the fan assembly.

9. The data storage assembly of claim 1 wherein the acoustic attenuation device further
comprises a plurality of apertures extending therethrough and configured to allow the airflow

to pass through the acoustic attenuation device.

10. The data storage assembly of claim 9 wherein a flow resistance of the plurality of
apertures to the airflow passing through the acoustic attenuation device is less than a flow

resistance of the airflow passing through the electronic storage device.

11. A data storage system comprising:

a chassis having a data storage device space defined therein to house a data storage
device, the chassis having a first opening on a first side and a second opening on a second
side opposite the first side;

a fan assembly coupled to the housing and configured to cause an airflow to pass
through the chassis from the first side to the second side and around the data storage device to
cool the data storage device; and

an acoustic attenuation device enclosed within the chassis and configured to redirect a
first portion of a first plurality of acoustic waves generated by the fan assembly away from
the data storage device space and to absorb acoustic wave energy of a second portion of the

first plurality of acoustic waves.

12. The data storage system of claim 11 further comprising:
a sled positioned within the housing;
a data storage device positioned within the sled; and

wherein the attenuation device is coupled to the sled.
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13. The data storage system of claim 11 wherein the attenuation device is positioned
closer to the data storage device space than to the fan assembly and wherein an air space

permitting cross-flow is formed between the attenuation device and the fan assembly.

14. The data storage system of claim 11 wherein the attenuation device is constructed of a

material configured to absorb acoustic waves that enter the material.

15. The data storage system of claim 11 wherein the attenuation device comprises a
plurality of surface contours;

wherein the attenuation device comprises a plurality of apertures formed
therethrough; and

wherein a flow resistance of the plurality of apertures to the airflow passing through
the attenuation device is less than a flow resistance of the cooling air passing around the data

storage device positioned within the data storage device space.
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