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HARD DI SK DRI VE W TH AERCDYNAM C DI FFUSER, CONTRACTI ON, AND FAI RI NG FOR

Dl SK BASE AND RE- ACCELERATI ON DRAG REDUCTI ON BACKGROUND OF THE | NVENTI ON 1.
Technical Field [0001] The present invention relates in general to an

i nproved internal aerodynam c design for a hard disk drive and, in
particular, to an inproved system nethod, and apparatus for diffusing and
contracting air flowwithin a hard disk drive to reduce flow i nduced
vibrations of the arm suspension and slider as well as the rotating
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device is~ known as a direct access storage device (DASD) or a hard disk
drive (HDD) and includes one or nore disks and a disk controller to nanage
| ocal operations concerning the disks. The hard disks thenselves are
usual Iy made of al um nurBACKGROUND QR THERINVENTION and ceranic, and are
covered vvith a magnetic coating. Typically, one to six disks are stacked on
a co pf, glc Ehf‘% is turned by a disk drive notor at several thousand
revo |ons esaprcal Kield (1 o). [0003] A typi cal HDD also utilizes an
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2. Description of the Related Art

[0002] Generally, a data access and storage system consists of one or more storage devices that
store data on magnetic or optical storage media. For example, a magnetic storage device is
known as a direct access storage device (DASD) or a hard disk drive (HDD) and includes one or
more disks and a disk controller to manage local operations concerning the disks. The hard disks
themselves are usually made of aluminum alloy or a mixture of glass and ceramic, and are
covered with a magnetic coating. Typically, one to six disks are stacked on a common spindle

that is turned by a disk drive motor at several thousand revolutions per minute (rpm).

[0003] A typical HDD also utilizes an actuator assembly. The actuator moves magnetic
read/write heads to the desired location on the rotating disk so as to write information to or read
data from that location. Within most HDDs, the magnetic read/write head is mounted on a
slider. A slider generally serves to mechanically support the head and any electrical connections
between the head and the rest of the disk drive system. The surface of the slider facing the disk

is aerodynamically shaped to create an air bearing in order to maintain a uniform distance from

the surface of the rotating disk, thereby preventing the head from undesirably contacting the disk.




I's aerodynami cally shaped to create an air bearing in order to maintain a
uni form di stance from the surface of the rotating disk, thereby preventing
the head fromundesirably contacting the disk. -1 [0004] Typically, a
slider is formed with an aerodynam c pattern of protrusions on its air
bearing surface (ABS) that enables the slider to fly at a substantially
constant height close to the disk during operation of the disk drive. A
slider is associated with each side of each disk and flies just over the
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often"called a voice coil notor (VCM. The stator of a VCMis nounted to a
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flying over the disk. en current is fed to the notor, the VCM devel ops a

torque that is substantially proportional to the applied current. The arm
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been RLARRS %M?a&f‘fﬁ%}ﬁﬁ ik §ys{e|rr9Y¥ e Bhdlosed with a cover and seal assembly to
ensure that no contaminants can enter and adversely affect the reliability of the slider flying over
the disk. When current is fed to the motor, the VCM develops a torque that is substantially
proportional to the applied current. The arm acceleration is therefore substantially proportional
to the magnitude of the current. As the read/write head approaches a desired track, a reverse
polarity signal is applied to the actuator, causing the signal to act as a brake, and ideally causing
the read/write head to stop and settle directly over the desired track.

[0006] In the prior art, a number of solutions have been proposed to enhance the air flow within
hard disk drives, such as bypass channels located adjacent to the disk pack. For example,
Japanese Patent JP53-47089, to Yasuaki, reveals a hard disk device in which air guides 20, 30
only guide a central portion of the flow of air back to the disks. Japanese Patent JP62-85997, to
Wakatsuki, discloses a magnetic disk device (Figures 3 — 5) in which a housing 31 with doors 20
guides the flow of air from the disks to a filter. U.S. Patent No. 5,907,453, to Wood, reveals
diverter ramps 220, 222 (Figure 9) that also only affect a central portion of the air flow.

[0007] Currently known implementations of bypass channels such as these force a sudden

widening of the air flow cross-section by as much as 50%. The sum of the thicknesses of the
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hard di sk drives, such as bypass channels | ocated adjacent to the disk
pack. For exanple, Japanese Patent JP53-47089, to Yasuaki, reveals a hard
di sk device in which air guides 20, 30 only guide a central portion of the
flow of air back to the disks. Japanese Patent JP62-85997, to Wakat suki,
di scl oses a magnetic disk device (Figures 3 - 5) in which a housing 31 with
doors 20 guides the flow of air fromthe disks to a filter. U S Patent
No. 5,907,453, to Wod, reveals diverter ranps 220, 222 (Figure 9) that
aI SO %‘ngﬁg%f e di g%kt {2h 9 ff‘?:lt)tlﬁllﬂ%f ah hi:igﬂ%"’of [tgtp%}éas%}{aﬁﬁ@lllﬁ fhgown
npl enmentations o ypass c nne S such as t orce a“sudden w dening
of t heliractiorf dfothe spindls-axésc tAoa rdsylt,qn‘esmt Hesignss@bse dﬁ]mtlsuabloﬂlskﬂmset diagldnmesses
of the - ) in t dIS k iis a signifjcant fracti f the helght
ot hao Biroiisk Yokkniruthel e hafiete MGV eels nenetizupe dies 40 Wity
pr ese%ﬁ%ﬂﬁﬁﬁ&{‘ﬁ BUsiGwO 4 hi‘i’rfﬂ)% Grotind I‘ihé’ﬁ@tﬁatgf agh@4!&n ﬁrfbré\n'ﬁ Qllﬁibnv‘ﬁ%es
i n the bypass c annel . reover, there is also objectionable drag due to
re- acteimlising air flufw tithinsd loand dtskpiaws wauld e desirablound t he actuator. Thus, an
i nproved solution for streamining air flowwthin a hard disk drive mould
be desirable. SUMVARY OF THE | NVENTI ON [ 0008] One enbodi nent of a system
nmet hod, and apparatus for streamining air flowinside of a hard disk
drive is disclosed. The air flowis guided into a bypass channel. Each di sk
is provided with a stationary afterbody. The afterbody is shaped such that
an expanding duct is created for the flow com ng off each disk. An
expandi ng aerodynam c duct is called a diffuser. In one enbodinent, a
di ffuser provides a gradually expandi ng passage so that the speed of the
air flow can gradually, rather than abruptly, decrease and the pressure
can rise. This design reduces




| osses in system nonmentum due to sudden expansion of the air or gas in the
drive. [0009] The present invention also ensures a snpboth recovery process
of pressure fromkinetic energy in the entering flow field, which reduces
t he amount of power required by the spindle notor. The downstream diffuser
receives air flow spun off the disks while reducing the rate of cross
sectional expansion, and consequential turbulence, of the air as it travels
fromanong the disk surfaces around the actuator and non-aerodynam c di sk

drive conponents. Upon r el WARYWF’I%EQF«@EWJ%NO t he di sk pack, air
te

flow reentering the disk pack 1's accelera I'n a channel of di mnishing
cross section to allow efficient energy conversion from pressure energy to

kinetic energy prjor to merging of the bypass air flow with the ajr flow
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enbodi rent, the, structure fulfills an aerpdynam.c function only. However,
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i ncor pan gracallpf rathercthan abmiptly géscrdast aod rthe presTire atrniset uTkis ndegignereduaesi ded
with Linear or rounded t(ﬁﬁers. wever, S th ed%e-frecﬁitapers are

desi r 401588 Inystemmpmentumdye ta spggen expansionqfithc.aif or gasdnithediNe, e accel erat e
the air flowinto the disk pack, the | eading edges of the contraction are
preferably rounded. [0011] The foregoing and ot her objects and advantages

of t hd09H Skhet present mvieohomalsp englrgsr)pamgﬁ'l recovery process of pressure from kinetic

energy in the entering flow field, which reduces the amount of power required by the spindle
motor., The downstream diffuser receives air flow spun off the disks while reducing the rate of
cross sectional expansion, and consequential turbulence, of the air as it travels from among the
disk surfaces around the actuator and non-acrodynamic disk drive components. Upon return of
the bypass flow to the disk pack, air flow reentering the disk pack is accelerated in a channe] of
diminishing cross section to allow efficient energy conversion from pressure energy to kinetic

energy prior to merging of the bypass air flow with the air flow among the disks.

[0010] The present invention utilizes a comb-like structure (diffuser or contraction) that is offset
slightly from the spinning disk pack in the radial direction by approximately 0.5 mm, or
whatever minimal distance is required due to mechanical tolerances. In one embodiment, the
structure fulfills an aerodynamic function only. However, the structure may also be configured
to perform a filtration function, in which case the structure may be formed from a filtration
substance. The efficacy of the filtration material may be enhanced, for example, by
incorporation of electric charges (electret). The structure may be provided with linear or
rounded tapers. However, smooth, edge-free tapers are desirable. For example, since the
contraction is required to re-accelerate the air flow into the disk pack, the leading edges of the

contraction are preferably rounded.




to those skilled in the art, in view of the follow ng detail ed description

of the preferred enbodinent of the present invention, taken in conjunction
wi th the appended clains and the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON
OF THE DRAW NGS [0012] So that the manner in which the features and

advant ages of the invention, as well as others which wll beconme apparent

are attained and can be understood in nore detail, nore particular
description of the invention briefly sumrari zed above may be had by
reference to the enbodiment thereof which is illustrated in the appended

drawi ngs, which drawings forma part of this specification. It is to be
not ed, [0bDMjefte: fordgoiig dndevthbrabjcetsand dduartagesefdin presamt iaﬁmtild)mmiiﬂ be apparérs

invention and therefore are not t e c nsjdered limti.n S scppe ,as
the i f9ehpscokilgd inathg art,i iy B ot égﬁafp OWines %ﬁlﬂ%g]%%‘a P 'i.h mgﬁ@f‘
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accor dance resent 1 nvention. 014] Figure Is a front
isonetdcc@npamngﬂraamysffuser for the hard di sk drive of Figure 1 and is
constructed in accordance with the present invention. [0015] Figure 3 is a
rear isonetric view of the diffuser of Figure 2, and is constructed in
accordance with the present invention. [0016] Figure 4 is a front isonetric

. view of the diffuser of Figure 2 showing one of the adjacent disks, and is
constructed in accordance with the present invention. [0017] Figure 5is a
front isonmetric view of a contraction for the hard disk drive of Figure 1
and is constructed in accordance with the present invention.




[0018] Figure 6 is a rear isonetric view of the contraction of Figure 5,
and is constructed in accordance with the present invention. -6 DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0019] Referring to Figure 1, a schematic
drawi ng of one enbodi ment of an information storage system conprising a
magnetic hard disk file or drive 111 for a conputer systemis shown. Drive
111 has an outer housing or base 113 containing a disk pack having at |east
one nmedia or nagnetic disk 115. The disk or disks 115 are rotated (see

arrows 205) by a spin Fhﬁ{ NORA al drive hub 117. An
actuator 121 comrise?@%&?§ﬁ@?ﬁg%ga 5 aé?ﬁgFgr arms 125 (one

shown) in the formof a conb that is novably or pivotally nounted to base
113 about_ a pivot assenbly 123. A controller 119 is also nounted to pase
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(approxi mately 125Q. x 10Q0 x 300 m crons) and forned fromceram c or
interr?afrﬁﬁtpi W'é‘?ghya? .Ctlﬁ%mﬁ%cgﬁ‘eﬁﬁsso may be of "femto" size
(approximately 850 x 700 x 230 mcrons) and is pre-|loaded agai nst the

surface of disk 115 (in the range two to ten grans) by .
[0613] Figure 1 is a schematic, top plan view of a hard disk drive constructed in accordance

with the present invention.

[0014) Figure 2 is a front isometric view of a diffuser for the hard disk drive of Figure 1 and is

constructed in accordance with the present invention.

[0015] Figure 3 is a rear isometric view of the diffuser of Figure 2, and is constructed in

accordance with the present invention.

{0016] Figure 4 is a front isometric view of the diffuser of Figure 2 showing one of the adjacent

disks, and is constructed in accordance with the present invention.

[0017] Figure S is a front isometric view of a contraction for the hard disk drive of Figure 1 and

is constructed in accordance with the present invention.

[0018] Figure 6 is a rear isometric view of the contraction of Figure 5, and is constructed in

accordance with the present invention.




suspensi on 127. [0021] Suspensions 127 have a spring-like quality, which

bi ases or urges the air bearing surface of the slider 129 against the disk
115 to cause the slider 129 to fly at a precise distance fromthe disk. A
voice coil 133 free to nove within a conventional voice coil notor magnet
assenbly 134 (top pole not shown) is also nounted to arns 125 opposite the
head gi nbal assenblies. Mvenent of the actuator 121 (indicated by arrow
135) by controller 119 noves the head ginbal assenblies along radial arcs
across tracks on the disk 115 until the heads settle on their respective

target tracks. The HUBFAREBHESCRIRBIONOEJHEINVENEIQNnventi onal manner

and -7 always nove in unison with one another, unless drive 111 uses
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113 and the actuator 121, such that the bypass channel 219 conpletely

ci r cussleetiveds monimgahe cemb of s, 1 25rekatimetolitk HEsi gns where there is not
sufficient space to inplenent a full bypass channel (shown) the bypass
channel 219

[0020] In the embodiment shown, each arm 125 has extending from it at least one cantilevered
load beam and suspension 127. A magnetic read/write transducer or head is mounted on a slider
129 and secured to a flexure that is flexibly mounted to each suspension 127. The read/write
heads magnetically read data from and/or magnetically write data to disk 115. The level of
integration called the head gimbal assembly is head and the slider 129, which are mounted on
suspension 127. The slider 129 is usually bonded to the end of suspension 127. The head is
typically pico size (approximately 1250 x 1000 x 300 microns) and formed from ceramic or
intermetallic materials. The head also may be of “femto” size (approximately 850 x 700 x 230
microns) and is pre-loaded against the surface of disk 115 (in the range two to ten grams) by

suspension 127.

[0021] Suspensions 127 have a spring-like quality, which biases or urges the air bearing surface
of the slider 129 against the disk 115 to cause the slider 129 to fly at a precise distance from the
disk. A voice coil 133 free to move within a conventional voice coil motor magnet assembly 134
(top pole not shown) is also mounted to arms 125 opposite the head gimbal assemblies.
Movement of the actuator 121 (indicated by arrow 135) by controller 119 moves the head gimbal

assemblies along radial arcs across tracks on the disk 115 until the heads settle on their

respective target tracks. The head gimbal assemblies operate in a conventional manner and




may be interrupted (not shown). This is known as a partial bypass. Wen
there is a partial bypass, the presence of a diffuser and contraction
remai ns beneficial. Furthernore, in order to help the bypass flow

negoti ate substantial angul ar changes (channel bends), one or nore turning
vanes may be placed in those areas. The use of turning vanes is well known
in wind tunnel design. [0023] As shown in Figures 1 through 4, one

enbodi ment of the drive 111 constructed in accordance with the present
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diffuser 221 I1s also offset downstream fromthe disks 115 in the radial

direction 207, such that the diffuser 221 reduces air flow drag fromthe
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( Fi gurteswden am, oudercpefijneter 217 (Figure 1) of the housing 113 and the actuator 121, such that the
bypass channel 219 completely circumscribes the actuator 121. In some HDD designs where
there is not sufficient space to implement a full bypass channel (shown) the bypass channel 219
may be interrupted (not shown). This is known as a partial bypass. When there is a partial
bypass, the presence of a diffuser and contraction remains beneficial. Furthermore, in order to
help the bypass flow negotiate substantial angular changes (channel bends), one or more turning

vanes may be placed in those areas. The use of turning vanes is well known in wind tunnel

design.

[0023] As shown in Figures 1 through 4, one embodiment of the drive 111 constructed in
accordance with the present invention also comprises a diffuser 221. In the embodiment shown,
the diffuser 221 is located in the bypass channel 219 and is positioned adjacent to the
downstream side 213 of the disk pack or disks 115. The diffuser 221 is also offset downstream
from the disks 115 in the radial direction 207, such that the diffuser 221 reduces air flow drag
from the disks 115 due to disk wake in the bypass channel 219. This type of aerodynamic drag is

commonly called base drag.

[0024] Alternatively, or operating in conjunction with the diffuser 221, another embodiment of

the drive 111 may include a contraction device or contraction 223 (Figures 5 and 6). The
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fromthe contraction 223 to the disks 115 to provide efficient energy
conversion for the air flow frompressure energy to kinetic energy prior
to merging the slow bypass air flow 225 with air flow 205 (Figure 1)
around the disks 115. [0025] In another enbodi nent of the present

I nvention, each of the diffuser 221 and/or the contraction 223 may further
conprise an air filter(s) for filtering the air flow ng through the bypass-"
channel 219 and/or housing 113. Either or both structures 221, 223 nay be
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respective one of the disks 115. The diffuser shape nust be such as to
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bypass channel 219 and/or housing 113. Either or both structures 221, 223 may be configured to
perform this filtration function, in which case they may be formed from a filtration substance. In
one particular embodiment, the diffuser 221 and the contraction 223 incorporate electrical
charges to filter the air flowing through the bypass channel 219 and/or housing 113. The
efficacy of the filtration material may be enhanced, for example, by incorporation of electric

charges (electret).

[0026] In the embodiments illustrated, both the diffuser 221 and the contraction 223 are
equipped with a plurality of airfoils 231, 233, respectively. The airfoils 231, 233 may be
identical but, as shown in the illustrations, they may be configured differently as well. The
airfoils 231, 233 are axially apart from each other, respectively, in the axial direction. Each of
the airfoils 231, 233 has a generally planar orientation in the radial direction. As shown, for
example, in Figure 4, the airfoils 231 (only one shown for clarity) are axially aligned with one
of the disks 115. The airfoils 231, 233 also having a maximum axial thickness 235 (Figure 2)
that is preferably equal to an axial thickness 237 (Figure 4) of a respective one of the disks 115.
The diffuser shape must be such as to promote adherence of the flow to the surface while

avoiding flow separation. It is well known in the art that flow separation occurs when the




-9 diffuser widens too suddenly. Furthernore, it will be understood that an
array of flow conditioning neasures can be applied to the basic diffuser
shape shown for the purpose of pronoting adherence of the flowto the

di ffuser walls. Anmong these neasures are turbulators consisting of surface
roughness el enents, for exanple ridges, vortex generators, boundary | ayer
tripping devices and the like. Oher flow conditioning nmeasure is
irradiation of the flowwith sound. The nmentioned flow conditioning

hni i . ) )
L eCNI ditte; ARRLKIAYO ladep A dyriRdmdR AKRATLE WREIYd IRAPZR afidf oo

ai rfoi f the user 221 has a | eadi ng edge 1 wth a denerally
cyl i naohdigibningameasaresecanubd applicdd® thet basiti diffuiser shape ssbowin fidir rthe tpuepose ekt

flatly faces the disk 15.  Transverse surface 243 is | ocated i iately

o Rmpge adese B By r B UaRE vEtlh Sitadzethere mspages arg (HIOMAGHG | s
subst aahéigdneY PRI RABE tupHhés el@ndhid) fe&anipld BlAR! VoHExAendraldis ARIHNG 198 Of

the disks 115. Each of the airfoils 233 of the contraction 223 has a

t.r ai | itrippiog glevizes andbtheet likee.  Othee dioat ednditidjing: measure isairradgpiootdfitbe dow witht he
di sks 115 nd a .l eadjng ed 253 with a rounded. surfa 255 that,is

Toons st JHE frduipRat B Bidifoding bt SBYRT in b o SRR pB st ¥ ¢ he
airfoils 231 of the diffuser 221 and the trailing edges 251 of the
airfoils 233 of the contraction 223 have arcuate contours that are

conpl 483 Haghiaf thagprdoilaned h of dhepdidfusenn22y havpdeading edgeddbovithi 3 gepemlips

he di h i rfoil 31 of th i ff . 2 il
tpo(rat i I&S{Egﬁé? F'é%sgt% fasglsg‘g%lé?s *%eﬁ%ﬁ%l?gggg%’%éx lggé{ée;cnfﬂ%&at%ggﬁ%%ﬁp%gﬁﬁ%? I'ons
245 t apefisveReBuificeRd3dk lddatedkinmsalidtelytadfacentrto fal respedtivecsrid sithadaks llPRekhe

di sks 115 to define gradual |y expandi ng passages 249. The air f|ow
t r ansiRigexes lransh4)and igsabstantiay perpepdicylaniol 4 planar wsicntatipn oba sespeetivg angof

taper §u¢ §isQt 3952/ a%h FPHhEAHIIS 2385190 LoAdiRiBh 225 'h3Wa trailing edge 251 located
immediately adjacent to a respective one of the disks 115, and a leading edge 253 with a rounded

surface 255 that is located opposite the trailing edge 251.

[0028] The leading edges 241 of the airfoils 231 of the diffuser 221 and the trailing edges 251 of
the airfoils 233 of the contraction 223 have arcuate contours that are complementary in shape
with respect to circular outer edges 213, 215 of the disks 115. The airfoils 231 of the diffuser
221 also have trailing portions 245 located opposite the leading edges 241. The trailing portions
245 taper down in axial thickness in the air flow direction away from the disks 115 to define
gradually expanding passages 249. The air flow transitions from the disks 115 to the trailing
portions 245 along the tapers to gradually decrease a speed of the air flow.

[0029] As shown in Figures 2-4, the tapers on the airfoils 231 of the diffuser 221 are smooth and
edge-free from the leading edges 241 to the trailing portions 245, Alternatively, the tapers may
be configured with linear tapers. The airfoils 233 of the contraction 223 may be provided with
similar smooth and edge-free tapers extending from their respective leading edges 253 to their
respective trailing edges 251. In addition, the trailing portions 245 of the airfoils 231 of the
diffuser 221 and the leading edges 253 of the airfoils 233 of the contraction 223 have linear
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[0029] As shown in Figures 2-4, the tapers on the airfoils 231 of the

di ffuser 221 are snooth and edge-free fromthe | eading edges 241 to the
trailing portions 245. Alternatively, the tapers may be configured with

| i near tapers. The airfoils 233 of the contraction 223 nay be provided with
simlar snmooth and edge-free tapers extending fromtheir respective |eading
edges 253 to their respective trailing edges 251. In addition, the
trailing portions 245 of the airfoils 231 of the diffuser 221 and the

| eadi | | 3 Lk i 3 L near
|10 el R 3 indelf s8thfelfon &7 e el ine S0 BF ORI 0 dMERR ;|
f1 ow afpstréenm didlen 21 3,205, agspectivieBt, o€ alie diiskl @ack2dBdisksl bl 5. r Bamledinoves; Ithe leallinghe
di sk pack or disks 115. Furthernore, the | eadin edges 253 of the airfoils
233 ofedgplebRf thicairigns 233 ofthe sprirastian| 323 rase perderablysroundeds B twrasi shown igur es
5 and he present invention has several advantages, including the
abi | itlﬁg?%egg’tséruga% ine air flow in a hard disk drive. The air flowis

snoot hed into the bypass channel with a stationary afterbody. The diffuser

rovid a gradual expandin ass so that  the eed.of the air flqQw can
or adudDp30 dehe s mgn@%h%rsgggaf%%éaﬁg% dgluding _§1%@§§1t§rtp ﬁ%@ﬂ@@? 4ipEeWs in
systeny, fMRERNEHED fie. t §he uﬂxd?lgwgrspﬁﬁ&étﬁéh ‘?ﬁtﬁt@@ lﬁ#)ﬁssoéhagﬁél hﬁlhté‘%m;ﬁﬁgé(r‘?’

and ensures a snooth recovery pressure m Rinetic energy in

ent er i afigrfddgw TheadiffuseApravidessa ptadual e pamding passhgepsonthiat theepued efitheyairt fiew
spi ndl e rmt&r I s .reduced. g%sternativel y,. air_flo rmvieg toifj\%;d t he di sk
pack €% &3 cfedeass and BFSSTWIE F1 Bfer gYMiB S15518RsTegHCaS; 5555y B System

ener gyméRedthMedueGo SEIeA%xBarsRIn dfthe B bPEAGn Me Al RYPETSIraid snhddirdbbldtyt he
air flow anong the disks. The structure also may be wused to tilter thé air

f1 ow. dftpredsite fyemukridetics enrogly ithéte ¢etterigg 8ewnficld.nvAmna iresulte tieoapawitesf powirgns
required by the spindle motor is reduced. Altematively, air flow moving toward the disk pack is

contracted to allow efficient energy conversion from pressure energy to kinetic energy prior to
merging of the bypass air flow with the air flow among the disks. The structure also may be
used to filter the air flow. It will be understood that the present invention encompasses designs
in which the diffuser or contraction are not implemented. The usual reason being interference

with other drive components.

[0031] While the invention has been shown or described in only some of its forms, it should be

apparent to those skilled in the art that it is not so limited, but is susceptible to various changes

without departing from the scope of the invention.




in which the diffuser or contraction are not inplenented. The usual reason
being interference wth other drive conponents. [0031] Wile the invention
has been shown or described in only sone of its forns, it should be
apparent to those skilled in the art that it is not so limted, but is
susceptible to various changes wthout departing fromthe scope of the
I nvention. CLAIMS What is clained is: 1. A hard disk drive, conprising: a
housi ng; a disk mounted to the housing and being rotatable relative to the
housi ng, the disk defining an axis of rotation and a radial direction
relative to the axis, and the disk GhAIMS a downstream side wherein air
flows away fromthe dISk, and an upstream side wherein air flows toward
t he d'@ixhtan act ator nounted to the housing and being novable relative to
the di pifdaime d%t or having a head for reading data fromand witing
data to the K, .a bypass channel fornmed in the housing for directing air
fl ow g‘enera‘}gﬂfs‘iﬁy*q}i‘gf’%‘ﬁprﬁ N%he disk; and a diffuser located in thg
bypass channglusagj acent to a downstream si de of the disk and offset from
the disk in the rad| al direction, such that the diffuser reduces draa from
!

t he di sk duediskondunted vigkhe hnusm@ abgldmrg cotatahls| relative taethp drausigigs tiedfiskie of
clai md%ﬁnmg an a)r{]istot}erogatlfog ua%gra tadial h(? fecfi 8&‘?&1&%&% toaﬁleazb{ls fanhtifE i having a

downstream side wherein air flows away from the disk, and an upstream side wherein air flows
toward the disk;

an actuator mounted to the housing and being movable relative to the disk, the actuator
having a head for reading data from and writing data to the disk;

a bypass channel formed in the housing for directing air flow generated by rotation of the
disk; and

a diffuser located in the bypass channel adjacent to a downstream side of the disk and
offset from the disk in the radial direction, such that the diffuser reduces drag from the disk due
to disk wake in the bypass channel.

2. The hard disk drive of claim 1, wherein the diffuser further comprises an air filter for

filtering the air flowing through the housing.

3. The hard disk drive of claim 2, wherein the air filter of the diffuser incorporates electrical
charges to filter the air flowing through the housing.

4, The hard disk drive of claim 1, wherein the diffuser is spaced apart from the disk in the
radial direction by approximately 0.5 mm.

5. The hard disk drive of claim 1, wherein the bypass channel is located between an outer

perimeter of the housing and the actuator, such that the bypass channel completely circumscribes

the actuator.
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filtering the air flow ng through the housing. 3. The hard disk drive of
claim2, wherein the air filter of the diffuser incorporates electrical
charges to filter the air flow ng through the housing. 4. The hard disk
drive of claim1l, wherein the diffuser is spaced apart fromthe disk in the
radial direction by approximately 0.5 mm 5. The hard disk drive of claim
1, wherein the bypass channel is |ocated between an outer perineter of the
housi ng and the actuator, such that the bypass channel conpletely
circunscribes the actuator. -12 6. The hard disk drive of claim1, wherein
the diffuser is a conb-like structure having a pair of axially-oriented

si de \al | s Thechaed disk deve ofidaian 1, Wirirkinghe difflisergs bepmbdiket struciirelbaving & pair 7.

The hard_ dj,sk .drive. of ' . Wherein the diff h ir foil havi
I e MR T
aligned with a planar orientation of the disk, the air foil also having a

maxi mum axi al thickness that is less than or equal to an axial thickness
of thd.di skhecharddiskidrivt ofi daimili whewsin Bleadiffuser habeneiinfcihbkaving afgsnéralips a

| eadi dge with a flat. t f tending in_the axial
di r ecRSRT PHetgan if she Fdia! drpchipnand oy kR Aieped pirh 2 gidhar ObRlatian of the
subst gk, @d ¥ir F6il RRBHaiHgAd niaRihie AXiANBIckAdss AHtat 18 tBin bhequhl 36 an Jxialne

har d di_sR drive of claim8, wherein the |eading edge of the air foil has an
ar cuatthicknesnobihe diskat i s conpl ementary in shape with respect to a circul ar
outer edge of the disk. 10. The hard disk drive of claim8, wherein the air
foil has a trailing portion |ocated opposite

8. The hard disk drive of claim 7, wherein the air foil has a leading edge with a flat

transverse surface extending in the axial direction that is located immediately adjacent to the disk

and is substantially perpendicular to the planar orientation of the disk.

9. The hard disk drive of claim 8, wherein the leading edge of the air foil has an arcuate

contour that is complementary in shape with respect to a circular outer edge of the disk.

10.  The hard disk drive of claim 8, wherein the air foil has a trailing portion located opposite
the leading edge, and wherein the trailing portion tapers down in axial thickness in an air flow
direction away from the disk to define a gradually expanding passage, such that as the air flow
transitions from the disk to the trailing portion, the taper gradually decreases a speed of the air

flow.
11.  The hard disk drive of claim 10, wherein the trailing portion of the air foil has a linear

trailing edge that is substantially perpendicular to a direction of the air flow at the downstream
side of the disk.
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t he | eadi ng edge, and wherein the trailing portion tapers down in axial
thickness in an air flow direction away fromthe disk to define a

gradual | y expandi ng passage, such that as the air flow transitions from
the disk to the trailing portion, the taper gradually decreases a speed of
the air flow 11. The hard disk drive of claim 10, wherein the trailing
portion of the air foil has a linear trailing edge that is substantially
perpendicular to a direction of the air flow at the downstream side of the
di sk. {32. - gl dré ve: of ' . e i $4 Eiﬁ&Eion
| ocat elz i nﬁlt‘}ﬁeﬁhg?/gé%s&%hgfnﬁgﬁn?éﬂ?‘g@g?tca{ngﬁghktr}pés%nrq%gir?ﬁ;ds?dég&g? nft Egtb sk and
of f setchinreiradjacenits kin upstidam sidelobithedliskeatd affset fromcthe tdiwkt intthe raghialtdirmectiorgn

re-accel erates a slow bypass air f]Jow fromthe contraction to th isk to
pr ovi déctethat eéﬁf‘“%‘ﬁ@i‘gg“%‘iﬁiﬁfé‘#%%l?“fwﬁpaﬁﬁ@f gf)?” 8 ‘??‘B‘rﬁaﬁ?‘é‘%aﬁ&%&ié%y
to kingt; ' QP I 1Rafk MO wSHOHY RYRARenldy th kb ehBrodi grick | ow
arounﬁﬂge %L&yi%rhg%%m}ﬁgsrlgﬁdc?sk ?:Ilri ve of clarm 1,n \%erei n lthe bg?/’ z;lss
channeadb mesging thel slove pppass airftw with aivdbw énoond thealiskownst r eam si de of the di sk
to an upstream side of the disk. 14. A hard disk drive, conprising: a
housi ng; a di sk pack nounted to the housing and having a plurality of disks

that gme rofgpt ﬁiskgil‘%ig?t&g)éﬁaiﬁlq,%ﬁraﬂlﬁ Bbasd Bfanfeisis aaRlbyRads atkidiasaxi s

of rotation and a ra irection relative to the axis, and the di sk pack
havi ndram tewestnstream sidd @f Weadisk to aniupstréammsidawbithefdiskn t he di sks, and an
upstream side wherein air flows toward the disks; an actuator nounted to

t he housi ng and being novable relative to the di sk pack, the
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actuator having a plurality of heads for reading data fromand witing data
to the disks; a bypass channel fornmed in the housing for directing the air
fl ow generated by rotation of the disks fromthe downstream side of the

di sk pack to the upstream side of the disk pack; a diffuser |located in the
bypass channel adjacent to the downstream side of the disk pack and offset
downstream fromthe disks in the radial direction, such that the diffuser
reduces air flow drag fromthe disks due to disk wake in the bypass

channgly, a ' : ted in the bypass channel adjacent to the
oy SlqbRaRE AR, LRRpae

upstream side of the and offset upstreamfromthe disks in the
radi al dir ecliouwsimg; such that the contraction re-accelerates a slow bypass

air flowfro he contraction to the disks.to provj.de efficient ener
conversion® gl'ét‘ Rafk mpyntsd W@r%%&@%‘%%r&w&iﬂ@ %e%fﬁ gméﬁéer Efﬁatgﬁeor
Lo NMergfafige td¥Be BbMRhHXRAFSK ?nhék dddihg W 4:3s 8 fotdtioRWnda Q4N diRRtith Pdiativelis-
The hard disk drive of clalm 14, wherein each of the diffuser and the
cont r ah¢ axis, drdrthddisk pedkimavinga dowmsitreai sideewhdrein it flows away from the disks,anidng

through the b ss.channel, 16. T hard di sk drive of claim 14, wherein
t he d?alnf‘ﬂi’%?a%%aeM’ﬁm&%ﬂ‘fﬂﬁb‘is?%‘ﬁarpgl%&ﬁ%;ate el ectrical charges to filter
the air flow AGudiby Risdhteli 8 tHY BBasing RAANRIng hbovabtib eelagve! eolitgk dik i paek Ofh

e
claim 14, wherein each of the diffuser and the contraction are spaced

apart dctuatorbaviag aqderelityoff heads fdr siadingrdatasliom land wridiogidatagoithe digks; oxi mat el y
0.5, 1 A T A o AP ™
such thabisk§RoRNBQaswEARAREdCHTRE 81sk IpiciCiortheliptichMasde dfitke aisk paiqr .
a diffuser located in the bypass channel adjacent to the downstream side of the disk pack
and offset downstream from the disks in the radial direction, such that the diffuser reduces air
flow drag from the disks due to disk wake in the bypass channel; and
a contraction located in the bypass channel adjacent to the upstream side of the disk pack
and offset upstream from the disks in the radial direction, such that the contraction re-accelerates
a slow bypass air flow from the contraction to the disks to provide efficient energy conversion
for the air flow from pressure energy to kinetic energy prior to merging the slow bypass air flow

with air flow around the disks.

15.  The hard disk drive of claim 14, wherein each of the diffuser and the contraction further

comprise an air filter for filtering the air flowing through the bypass channel.

16.  The hard disk drive of claim 14, wherein the diffuser and the contraction incorporate
electrical charges to filter the air flowing through the bypass channel,

17. The hard disk drive of claim 14, wherein each of the diffuser and the contraction are

spaced apart from outer edges of the disks in radial directions by approximately 0.5 mm.
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19. The hard di sk drive of claim 14, wherein both the diffuser and the
contraction have a plurality of airfoils that are axially apart from each
ot her, respectively, in the axial direction, each of the airfoils having a
generally planar orientation in the radial direction and being axially
aligned with one of the disks, the airfoils also having a maxi num axi al
thickness that is less than or equal to an axial thickness of said one of
t he di sks. 20. The hard disk drive of claim19, wherein each of the

ai rfoi of I | & face
oxt endhg 1 Rt gl i, or 3t 1 3lchh o Ralt didnfl o Reple BORKER SR A 2
sai d greinttertofehedhaiisingaind theactudior, sirthi thit thie pepase oikinnel mm;ilexel;r qitcamacribes
orientation of said one of the disks, and wherein each of the airfoils of
t he cdheadBatPHbn has a trailing edge located inmedi at el y adj acent to said
one of the disks, and a | eading edge with a rounded surface that is

| ocated opposite the trailing edge. 21. The hard disk drive of claim 20,
wher ei 19.t hérﬁehdﬂnhsledg%oﬁﬁlatmd@iwﬂemm $othf the hdiffdsck fand ehe camtchctibe Hawvaial | ng

d f h f f th t t h t hat
C oo ctumlin of AT S AT AIATY SR oBo PIRet, Fespeaiel g e At elonPichs.
22. Theg tﬂgra%f&néha\qﬁ %€o ferﬁ?algaﬁa&%neﬂfa%ﬁuﬁ ﬁl@eraﬁhr ﬁﬂwtﬁmoéndt B&n V\g'afxfa!ﬂ ger

have trailing portions oca opposite the | eadi ng edges, erel h the
trail iatigngbwitheons of dpeadisidothe ainfoilsxdlsd havirg & karigsum ax1ahtlmkme55| tbav isliese dtanon

away fromthe dis t 9 define .gradugl | ¥y .expandi ng passages, such that as
t he alqreﬂ}l‘ﬂ\kf’??%’?ﬁhi‘ squg?hd%qgogws b the trailing portions, the

tapers gradually decrease a speed of the air flow 23. The hard di sk drive
of claim 22, wherein the tapers on the airfoils of the diffuser are snooth

and edde- f rBe Harddiskidsive od¢lain 10dwbsreiroeachef theairfoilgohibe difvser hane laadiagei n

the ai rdng' i 8 fﬂat transverse surface extending in the axial direction that is located immediately
adjacent to said one of the disks and is substantially perpendicular to a planar orientation of said
one of the disks, and wherein each of the airfoils of the contraction has a trailing edge located
immediately adjacent to said one of the disks, and a leading edge with a rounded surface that is

located opposite the trailing edge.

21.  The hard disk drive of claim 20, wherein the leading edges of the airfoils of the diffuser
and the trailing edges of the airfoils of the contraction have arcuate contours that are

complementary in shape with respect to circular outer edges of the disks.

22.  The hard disk drive of claim 20, wherein the airfoils of the diffuser have trailing portions
located opposite the leading edges, and wherein the trailing portions taper down in axial
thickness in an air flow direction away from the disks to define gradually expanding passages,
such that as the air flow transitions from the disks to the trailing portions, the tapers gradually

decrease a speed of the air flow.
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the contraction have simlar snooth and edge-free tapers extending from
their respective leading edges to their respective trailing edges. 24. The
hard di sk drive of claim22, wherein the trailing portions of the airfoils
of the diffuser and the | eading edges of the airfoils of the contraction
have |inear edges that are substantially perpendicular to the directions
of the air flow at the downstream and upstream sides, respectively, of the
di sk pack, and wherein the | eading edges of the airfoils of the

cont r aat i OMTIR! KBardl Wkd&Gve of claim 22, wherein the tapers on the airfoils of the diffuser are
smooth and edge-free from the leading edges to the trailing portions, and wherein the airfoils of
the contraction have similar smooth and edge-free tapers extending from their respective leading

edges to their respective trailing edges.

24.  The hard disk drive of claim 22, wherein the trailing portions of the airfoils of the
diffuser and the leading edges of the airfoils of the contraction have linear edges that are
substantially perpendicular to the directions of the air flow at the downstream and upstream
sides, respectively, of the disk pack, and wherein the leading edges of the airfoils of the

contraction are rounded.
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