14 FEBRUARY 2007 HARD DI SK DRI VE W TH AERODYNAM C DI FFUSER 4 REBRRRYP QN
AND FAI RI NG FOR DI SK BASE AND RE- ACCELERATI ON DRAG REDUCTI ON BACKGROUND OF
THE I NVENTION 1. Technical Field [00011 The present invention relates in
general to an inproved internal aerodynam c design for a hard disk drive
and, in particular, to an inproved system nethod, and apparatus for
diffusing and contracting air flow wthin a hard disk drive to reduce

fl owinduced vibrations of the arm suspension and slider as well as the
rotating disks. 2. Description of the Related Art [00021 Generally, a data
access and storage system consists of one or nore storage devices that
‘'store data on magnetic or optica stYorage nedi a. For
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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.



14 FEBRUARY 2007 [0004] Typically, a slider is formed w t h14REBRVARYREHT ¢
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 disk's surface. Each slider is nmounted on a
suspension to forma head ginbal assenbly (HGA). The HGA is then attached
to a sem-rigid actuator armthat supports the entire head flying unit.
Several sem -rigid arnms may be conmbined to forma single novable unit
having either a linear bearing or a rotary pivotal bearing system [0005]
The head and arm assenbly is linearly or pivotally noved utilizing a.
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U.S. Patgite thex noxoBfimidands can@nid@asld adveeR/ a¥fect 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



diverter ranps 220, 222 (Figure 9) that also only affect a t4REBRUARYI200GN
of the air flow [0007] Currently known inplenentations of bypass channels
such as these force a sudden wi dening of the air flow cross-section by as
much as 50% The sum of the thicknesses of the -2 14 FEBRUARY 2007 disk(s)
in the disk pack is a significant fraction of the height of the bypass
channel in the direction of the spindle axis. As a result, present designs
cause objectionabl e di sk base drag due to the disk wakes in the bypass
channel . Moreover, there is also objectionable drag due to re- accel eration
of the slow, bypass air flow around the actuator. Thus, an inproved sol ution
for streamining air floww thin a hard disk drive would be desirable. -3
14 FEBRUNRY) 200He dBUINMBIRYs @FsigitiifrcanNViabiTorO 12088 ghtrfethe niypdssnetannefinahe
system pet hod,. and ar.atys for strean1|n|n air f of a hard
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that an expandi ng duct is created for t he fl ow comi ng off each di sk. An
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flow caﬁg&ﬂyﬁﬂgﬁTBOQ‘ﬂﬁﬁﬁéh%ﬁ g%?hu%P éggﬁgise and the pressure can
rise. This design reduces Iosses in systen1nonentun1due t o sudden expansi on
of the air or gas in the drive. [00091 The present invention also ensures a
snmoot h recovery process of pressure fromkinetic energy in the entering
flow field, which reduces the anmount of power required by the spindle

notor. The downstream di ffuser receives air flow spun off the disks while
reducing the rate of cross sectional expansion, and consequenti al

turbul ence, of the air as it travels from anong the



di sk surfaces around the actuator and non-aerodynam c di sk HFE%R%QB%%%%S.
Upon return of the bypass flow to the disk pack, air flow reentering the

di sk pack is accelerated in a channel of dimnishing cross section to allow
efficient energy conversion frompressure energy to kinetic energy prior to
mergi ng of the bypass air flowwth the air flow anong the disks. [0010] The
present invention utilizes a conb-like structure (diffuser or contraction)
that is offset slightly fromthe spinning disk pack in the radial direction
by approximately 0.5 mm or whatever m ninmal distance is required due to
mechani cal tol erances. In one enbodi ment, the structure fulfills an
aerodynam c function only. However, the structure may al so be configured to
performa filtration functiSIWWIMARXHOE THREENVENION uct ure may be forned
froma filtration substance. The efficacy of the filtration material my be
enhanced, for exanple, by incorporation of electric charges (electret). The

struct Ur[@OOﬂ}iX)nlé%n{%@Mldﬂer Abyistend, inivgiedd, dd app@;uﬂ@erdr $uRpRlifing Hvwe nsids wat h,
edge-free tapers are desirable, For exa nce the contraction |s

requi r edatddiskedriveda diselased. tTHe aki ﬂo"f Iscﬂ}&lqeﬁtlﬁotat?éfp%fﬁ shangsk kEach disk|ig pgivid§d edges
of the r The
f or egoi r}’gag%]cfgﬁ (Hqu %{bﬁoag{ ?@nﬁm%\(}ggétjga}g OL*Cﬂ ﬂ:rlual% aﬁlr% gg%ﬁ?‘ g %&ggst ?r%%g)d\}m be
appar entth¢ flothwssngs kffl daehi disk. tAe eapandmgmemd@rmamlfc ddaeisf allled i thfusmt dn Ioad
description of the.preferre djment of the I es inve ken in
Cony unciRd Rfsnh & 0iBsEh Bisies s ALY Rt He PseB Gy R PP bt A€ 1)
FEBRUARY.ar Q@atualBfRl rith e DERERIbRIPHING 6dreabblan O\ 6sare Q5hl Zide. SThidhadsi gnh&dﬂ@@ ner

in which the features and advant ages of the Invention, as well as
losses in system momentum due to sudden expansion of the air or gas In the drive.

[0009] The present invention also ensures a smooth 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-aerodynamic disk drive components. Upon return of
the bypass flow to the disk pack, air flow reentering the disk pack is accelerated in a channel 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.



others which will becone apparent are attained and can be ubdFEBRUARYi200f0r e
detail, nore particular description of the invention briefly summari zed
above may be had by reference to the enbodinment thereof which is
illustrated in the appended draw ngs, which drawings forma part of this
specification. It is to be noted, however, that the drawings illustrate only
an enbodi mrent of the invention and therefore are not to be consi dered
limting of its scope as the invention may adnmit to other equally effective
enbodi nents. 100131 Figure 1 is a schematic, top plan view of a hard disk
drive constructed in accordance wth the present invention. [00141 Figure 2
is a front isonetric view of a diffuser for the hard disk drive of Figure 1
and is constructed in accordance with the present invention. 100151 Figure
3is a rgar. isopetri.c vi di,f fuser of.Fiqure i S, eonstructed
"' ° acodTEIIBE b it Cb L on R P e Becr b By utfon Ly b AgiferT
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di sks, and is constructed in accordance with the present invention. [00171
Fi gur e smbedignent ghthej prgsent iventiqnejaken i ce@mlcrt@étwh theopppepdednelaignscndithelr i ve
of Figur, tructed in accordance with the present invention.
100181 ?u%$engnggﬁgﬁ$ isonmetric view of the contraction of Figure 5, and
is constructed in accordance with the present invention. -6 14 FEBRUARY
2007 DETAI LED DESCRI PTI ON OF THE | NVENTI ON 100191 Referring to Figure 1, a
schematic drawi ng of one enbodi nent 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 di sk pack
havi ng at | east one nedia or



magneti ¢ di sk 115. The disk or disks 115 are rotated (see ahIRRRUGRY 2007 5
spindle notor assenbly having a central drive hub 117. An actuator 121
conprises a plurality of parallel actuator arnms 125 (one shown) in the form
of a conb that is novably or pivotally mounted to base 113 about a pivot
assenbly 123. A controller 119 is also nounted to base 113 for selectively
novi ng the conb of arns 125 relative to disk 115. [00201 In the enbodi nent
shown, each arm 125 has extending fromit at |east one cantilevered | oad
beam and suspension 127. A nmagnetic read/wite transducer or head is nounted
on a slider 129 and secured to a flexure that is flexibly nmounted to each
suspension 127. The read/wite heads nmagnetically read data from and/ or
magnetically wite dat &RIEIHDESCMBTIQN ¥ & D&‘AWIN%r ation called the
head gi nbal assenbly is head and the slider 129, which are nounted on
suspensi on 127. The slider 129 is usually bonded to the end of suspension
127. Theo01epdoitkat thy pia@adrl i whick tisd featu(rapmrdoadvma@syoﬂmsOnveanﬁ),Oasxwéioes
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suspension 12 100211 Suspensions 127 have a spring- quality, which
b| ases ombodigest mhI@O’éthCbeanlluﬁgatsduﬂf til@@pp@fdeq! Heawdngsdahic zba\aglas feym 3 part di sk
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voi ce c@ a conventional ®vor ce net
assenbl yf #hd4nventiow afbiherefit ashomn bé Sondidsied miemitiigeel itsoscaperas the &mp@@smaﬁ t he
head gi nbal assenblies. . NMNove é& of the actuator 121 (indicated by arrow
135) bya@@HEQQWPéﬂuﬂfgﬂﬁﬁy§§e IBEYS gi nbal assenblies along radial arcs
across tracks on the disk 115 until the heads settle on their respective
target tracks. The head gi nbal assenblies operate in a conventional nmanner
and - 7 [AM3FERRUDARMSs 20@Hiematic, 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.



al ways move in unison with one another, unless drive 111 uskdsSFEBRYARY 2007

i ndependent actuators (not shown) wherein the arns can nove independently
of one another. [00221 Referring nowto Figures 1 and 4, the disk pack and
di sks 115 (one shown) define an axis 201 of rotation 205 and radi al
directions 207, 209, relative to the axis 201. The di sk pack and disks 115
have a downstream side 213 wherein air flows away fromthe di sks 115, and an
upstream side 215 wherein air flows toward the disks 115. The drive 111 al so
has a bypass channel 219 formed in the housing 113 for directing the air

fl ow generated by rotation of the disks 115 fromthe downstream side 213 of
the di sk pack or disks 115 to the upstream side 215 of the disk pack or

di sks 115. In the enbggiri@NEDSHRYCRIPTORETHECINVPRINIGAS is | ocat ed

bet ween an outer perinmeter 217 (Figure 1) of the housing 113 and the
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the diffuser 221 reduces air flow drag fromthe disks 115 due to di sk wake
in the HyexwsIn eRaMRIdinddh? shoih, eatly Bgh 035 REr e fPorfl 19 1848t ofOfHERMYregal | ed

base drag.
lgad 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



[00241 Alternatively, or operating in conjunction with the 14 FEBBBARY2007
anot her enbodi nent of the drive 111 may include a contraction device or
contraction 223 (Figures 5 and 6). The -8 14 FEBRUARY 2007 contraction 223
is also located in the bypass channel 219, but is adjacent to the upstream
side 215 of the disk pack or disks 115. Like the diffuser 221, the
contraction 223 is offset upstream fromthe disks 115, but in a radi al
direction 209. Each of the diffuser 221 and the contraction 223 may be
spaced apart from outer edges 213, 215, respectively, of the disks 115 in
radial directions 207, 209, respectively, by, for exanple, no nore than
approximately 0.5 mm The contraction 223 is provided for re-accelerating a
sl ow bypm@/sauhGVefihMSBﬁSvi(hFcb@wmﬁleﬂ, unfess dnige 6)1 udes omltiple indspendgut dctuata@e3 t o
t he dlsg 5 to pravide efficient. ﬁner&¥ cgﬁver3|%{ for the air flow from
pr essur &NYSEOWR) WHSTRIR Higaros gaibngye iBAeRspAeElY 9h PR HPUMHe sl ow bypass air flow
225 with air flow 205 (Figure 1) around the disks 115. [00251 I n anot her
enbodi nent of the present invention, each of the diffuser 221 and/qr the
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i |l ustr dieivoees an bhteypermyeth@ 16 qRigugel il}e«mftth héwsingritl B ynd shevaetuator TRE 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

-8-



airfoils 231, 233 are axially apart from each other, respeckd VEBRUARY2Q0Ye
axial direction. Each of the airfoils 231, 233 has a generally pl anar
orientation in the radial direction. As shown, for exanple, in Figure 4,
the airfoils 231 (only one shown for clarity) are axially aligned with one
of the disks 115. The airfoils 231, 233 al so having a nmaxi mum axi al

t hi ckness 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 nust be
such as to pronmote 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 14 FEBRUARY 2007 diffuser w dens too suddenly. Furthernore, it wll be
under st @ontraction 225 isaals@iocated fih dw bypessditanmehi2hg), breas adjesent tmthisaipatpgsim side t o
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of ares ive one of the disks 115. Each of the airfoils 233 of the

cont r actfloon202AFigwae 1 narovnd the diskedibe 251 | ocated imediately adjacent to a
respective one of the disks 115, and a | eading edge 253 with a rounded
surface 255 that is |located opposite the trailing edge 251. [00281 The
| eadi ng [ee$pdn 2ddthef embelimentf off the @EE&Enoinveiteondiedhust the2@itfussrd22Ihandiorathk i ng

te ﬁgte S arzg’%’ﬁtgf{fﬁf"é %%tléa:y;&:rﬁllﬁrs %(gggr?sfe z;[nhaelr %%Q}(sr)af% fi ?tgrir%gz %ehgi\rl%oi\avrlr?gut trgug Oﬂt ours

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
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with respect to circular outer edges 213, 215 of the disks 14BEBRH&RYR2HOD | s
231 of the diffuser 221 also have trailing portions 245 | ocated opposite
the | eadi ng edges 241. The trailing portions 245 taper down in axial
thickness in the air flow direction away fromthe disks 115 to define
gradual | y expandi ng passages 249. The air flow transitions fromthe disks
115 to the trailing portions 245 along the tapers to gradually decrease a
speed of the air flow. [00291 As shown in Figures 2-4, the tapers on the
airfoils 231 of the diffuser 221 are snooth and edge-free fromthe |eading
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 pr ovidifédemintidens suom SudderéymoFlhrtfa:ndOIedgtewﬁlﬂ g um@m&t@odekhaermm agay odrilavhei r
respectiyve eadl es 2 t.hei respegtive, trailing 251, kn
a1 oot AteRiE it Bt ahSa8 e (G Gl PSP RS hyie ol 201
and t he pk@adtin ggadﬁ@lgﬁ@ a&ae @lowt foethaidiffied &alks33Aadong higese idasded hrenuddBidiave

| i near -10 14 FEBRUARY 2007 edges that are substantially perp ular to
t he d| r €ERSIBE of purface raw&hnf:ascﬁ}@r%ﬁnt% £y cXamplstridgsmVarex gﬂﬁﬁ%t?réa‘?ﬁ"é‘g%fé aysy 3,
215, Z@ﬁﬁ I E r I ng
edges 2 Iﬁé Hﬁhé’eglag{j t]Se]hﬁk@'3?&e¥’@]§6ﬁe%gﬁ{orﬁ§?trfr%a§ur§2§ %%lgétg@e(?ép éattqlg‘f/VI ‘?%nded
255, as selminithé mentkingdi flew conditidniBg tdcbigads afthlenowneinding art ofaenidyoamisalssigever al
advant ages, including the ability to streamine air flow in a hard disk
drive. The air flowis snoothed into the bypass channel with a stationary

af t er boqyo27] mactlof thes@rfols Q¥i @ sheadFfuseiuzl mspﬁluaumg dags 2agewisto at Ratraliine
speed of the air flow can gradually decrease _and t ressure can rise.

Thi s desifricaldipserseoisiaee 749 exjenditg infpmevieldieaien that Satlideresdhpdisks bi?- of

the air Q1,088 élﬂfatcgéwfs' 18&¢edaxwp‘1\é‘c‘1f§éf1?%@3€en§\5®ﬂé§ &%99\6% ﬁfthgfdisf%‘?ﬁ?b%@ from
ki netic ener gy In e enteri ng ow su t, e anount o power
requi r edigures hand @) aud & sobdtantiallg perpenrb@dar tAIaWnaad)thgon oeiiarres’plecivvenmv iofig

toward ttfrl]eedldlissh5pa]§al1(chl SF the airfoils 233 of the contraction 223 has a 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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contracted to allow efficient energy conversion from pressuddERRAIARY 2007
kinetic energy prior to nerging of the bypass air flowwth the air flow
anong the disks. The structure also nay be wused to filter the air flow It
wi |l be understood that the present invention enconpasses designs in which
the diffuser or contraction are not inplenmented. The usual reason being
interference wth other drive conponents. [0031] Wile the invention has
been shown or described in only sonme of its forns, it should be apparent to
those skilled in the art that it is not so limted, but is susceptible to
vari ous changes w thout departing fromthe scope of the invention. -11 14
FEBRUARY 2007 CLAIMS What is clainmed is: 1. A hard disk drive, conprising:
a housi rdgesashat asksubsiantiallgl perpendieularotoshadirestionsowitheyair Gloat i theedaveistieanyend o t he

housi ng, the disk efining an axis.,of.rotation.an adi al direct]

rel ati vé‘ps{t‘ff’a‘[“hsé&éﬁlg’,ﬂézﬂesgﬁc W&ssQPWﬁ\ﬂl%gpac °5I§WE§t }%agmgl%'ed]@or (tahreelf’%a% r
flows awagestrsarsftthe afifosl 233 (B comeitii@nn23s hrdeprieeibBi foundéd 253, @wshéwiad d t he
di sk; an_actuator nounted to the housing and being novable relative to the
di sk, tKégurgx3I aBd 6+ having a head for reading data fromand witing data to
t he di sk; a bypass channel fornmed in the housing for directing air flow
generated by rotation of the disk; and a diffuser |located in the bypass
channel [en30hTkapresant inveotiwrshasesavarsli adgarddges,heclddisg theaabdlity fté ste¢anding agdiqw et el vy

spaced ?IP %r lgaré rd?srlP (Tlr?vee. diﬁllé aiirn ﬂ%&eisrs?ndcgo?]*lneddiin oeghtei gyr})’asssccagnlélh\%thtah%tationary
afterbody. The diffuser provides a gradual expanding passage so that the speed of the air flow
can gradually decrease and the pressure can rise. This design reduces losses in system
momentum due to sudden expansion of the air or gas in the drive, and ensures a smooth recovery
of pressure from kinetic energy in the entering flow field. As a result, the amount of power
required by the spindle motor is reduced. Alternatively, 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.
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di ffuser reduces drag fromthe disk due to disk wake in t helbyPBREARNMAONE| |
2. The hard disk drive of claim1, wherein the diffuser further conprises an
air filter for filtering the air flow ng through the housing. 3. The hard
disk drive of claim2, wherein the air filter of the diffuser incorporates
el ectrical charges to filter the air flow ng through the housing. 4. The
hard di sk drive of claiml1, wherein the diffuser is spaced apart fromthe
disk in the radial direction by apqﬁgég ely 0.5 mm 5. The hard disk
drive of claim1, wherein the bypass el is located between an outer
perimeter of the housing and the actuator, such that the bypass channel
conpletely circunscribes the actuator. 12 14 FEBRUARY 2007 6. The hard

di sk dri veVWdiatds elaiméd issherein the diffuser is a conb-like structure having
a pair of axially-oriented side walls and at | east one air foil extending
between the side walls. 7. The hard disk drive of claim1, wherein the

di ffuser h@s anaahid JiN driveaddmististhg: general Iy planar orientation in the
radial direction and being axially aligned with a planar orientation of the

di sk, the air fahqus@igso having a maxi mum axial thickness that is |ess than
or equal to an axi i : k PR (=% i drives. claim
7, wherein the a:%ﬁrsl?kn (())lh{']l]eﬁg(g&g%f)g%%é %gl %@0 %ﬁa{bhe %ﬁppggodthg Irhgérflssl Irtﬁs/eedlg{”face
ext endi ng definirnpeancasiadf diation bnda rddis tdirectionoelatiedtoi therexd s, and Ithe disly hodrg t o

the disk and is substantjally. Er endi cul ar, to the planar orientation of the
disk. o TheowaTHaE e Whersia g epsirveronds sk A an BIERLISIREBI t e air
foil has ap; fawetaed GRRtRUr that is conplementary in shape with respect to

a circular outer edge of ' ] . _
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 and completely spaced apart 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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the disk. 10. The hard disk drive of claim8, wherein the di4FERRUARGZOM
trailing portion | ocated opposite the |eading edge, and wherein the
trailing portion tapers down in axial thickness in an air flow direction
away fromthe disk to define a gradually expandi ng passage, such that as
the air flowtransitions fromthe disk to the trailing portion, the taper
gradual |y decreases a speed of the air flow It. The hard disk drive of

clai m 10, é/\/ner '?tr“uh% ha@g dt1§ !hjl\lzengf Q@F loq’vh%eu]i '&?e ffus% Ofs a &ﬁb ike s'tr{]gt

trailing edge 'S su stan perpendi cul ar Prection of the air
f | ow at t hleavmgoavmdfaamllgmdenmﬂ sidlaevads s:kd at1éast d'd‘eeuhfmlcéxthndingd)etween dfe cl aim
1, further sing a contraction located in the bypass channel adjacent
to an upst?%ﬁ%ﬁ de of the disk and offset fromthe disk in the radial
direction, such that the contraction re-accelerates a slow bypass air flow
fromthe contraction to the disk to provide efficient ener%y conversion for

the air fldw friom hasd eiskudrivecnlelgim tlo Wherednt ithe diffapggyhasranopir il hayige iy t he
sl ow bypas eg@xl&!lgklagﬂ (Wieﬂlglflgh in {hfcnq%}%lal r%&ﬂ)qx J‘na%e%%&la“i%ll ann‘ﬁlﬁw 1l 12007

13. The ha rive ereln the ful
bypass t hadrieneibe bﬂﬁhefdliskmhte e fdibals haagn siadenuf amblethd:kséss theat &rlesspldor eam
side of the dISk Ah rd d k drive, conprising: a housing; a disk pack
mount ed tomFﬁBaﬁ%@%Pﬂ@ | ‘ﬁ§9 §d§ plurality of disks that are rotatable
relative to the housing, the disk pack defining an axis of rotation and a

radial direction relative to the axis, and the disk pack having a
downst r ean8.si del'hgHardiligk 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.

12. The hard disk drive of claim 1, further comprising a contraction located in the
bypass channel adjacent to an upstream side of the disk and offset from the disk in the
radial direction, such that the contraction re-accelerates a slow bypass air flow from the
contraction to the disk 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 disk.
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flows away fromthe disks, and an upstream side wherein ai rl4FEBRUARVAOY t he
di sks; an actuator nounted to the housing and being novable relative to the
di sk pack, the actuator having a plurality of heads for reading data from
and witing data to the disks; a bypass channel forned in the housing for
directing the air flow generated by rotation of the disks fromthe
downstream si de of the disk pack to the upstream side of the disk pack; a

di ffuser located in the.b S n ' (o) i.de of
the “di sk phok spersh AR T FHRCN Rk ARCpeibrife TG BEAR HEC D7
such that thendsdioni the@ownsehaaesdedfithé diskotkmapstreannsitddef e disk. due t o di sk
wake in the bypass channel; and a contraction |located in the bypass channel
adj acent to the upstream side of the disk pack and offset upstreamfromthe
di sks in the ragdihatd dsk étld, osmprsdied) that the contraction re-accelerates a
sl ow bypass air flow fromthe contraction to the disks to provide efficient
energy conversi ®8ROYSHIS the air flow from pressure energy to kinetic energy

prior to merging léfi%re{)a%lkol‘f‘(owpdiﬁ& R hodsif@Nand hivifd T élhﬁYYt}ﬂBP'dmis tthe #é sks.

15. The hard dis ve of claim 14, wherein each of the diffuser and the
cont r act i orotathble tréletivectortpe iheesing: tia disk packedefining 4n axieef rejatidneandi & rafliabwi ng

t hrough the. bypass, chapngl . 16. e hard disk.dr] aj. ein the
di f f user aﬁﬁe‘%{ﬁa RighYS &c&'ﬁoaﬁ“s’ ?ﬂ%@fep%gka aecq‘e it ?\égwg%ﬁg}rngéelég g’v io]ierfe}'}f?d:er t he
air flow ngoivbaRbghiohBe dypaasd ahapstedm silld whifem diaflewsliosardithediskef cl ai m 14,

wherein each of the diffuser and the contraction re spaced apart from
outer edges of &hactugtemopned tythghogsingand briag Wvﬁgﬁf%%fvﬁé?éh?g’él; gackyyn 14

14 FEBRUARY, 28 fator having a plurality of heads for reading data from and writing data to the
disks;

a bypass channel formed in the housing for directing the air flow generated by
rotation of the disks from the downstream side of the disk 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 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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18. The hard disk drive of claim 14, wherein the bypass chalhnEBEBRGARYV2G0Ed
bet ween an outer perineter of the housing and the actuator, such that the
bypass channel conpletely circunscribes the actuator. 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 other, respectively,
in the axial di recti on, each of the airfoils having a generally planar

ori ent at i ofgin "f"hl% g sl?d 1\% 5fec(fz§1}nolq W%Qrgmbcﬁé ﬁﬁaa@g(éq%ul%1 1s§afo &Qc? getWﬁér[]a one of

t he disks, The aitr SO havi a faxi m Is |l ess
t han or eqowér ﬁeﬂn&mraxltlml hdubmglandzﬂ& afuasa) dickh et die Hﬁpesschhalkmel c@fipletthe har d
di sk drive of claim 19, wherein each of the airfoils of the diffuser has a

| eadi ng edﬂ@"ﬂ]s?‘ﬂ’eéﬂ?qa&fuafqransver se surface extending in the axial direction
that is located imediately adjacent to said one of the disks and is

substantially perpendicular to a planar orientation of said one of the
di sks, and!%herBienhasdaliskodrivienef daint &4, whesgintheth thediffiuses tand thargentegctionyj | i ng

edge | ocat I J t e adi ng
cdge wi tn Bt ERAOL kAR PR A oty 3BT nGRCalh olBE EApBK el fifine BT 9
The hard ddisdctiohi,iedeh of the |a&fdﬁ52ﬁy1nm@’eﬁd:rall)t blanzlreménmgonedgﬁe rﬁxﬁaltdmcﬁm f oi I s

of the diff er an thet es. of the airfojls of the contraction
have ar cuaf® qb/ Figasd Wy @ngaﬁfggémﬁ%vr foils alpg, %Vl%%ﬁ*awg%emf

circular Oﬂ‘ﬁ&ﬁes@@%% 18ds tﬁzhleor%ﬁzhsto arféxial tHieka$ &f diddnedritneedifls. ¢l ai m 20,

wherein the airfoils of the diffuser have trailing portions |ocated
opposite the |eading edges, and wherein the trailing portions taper down in

axial thi ckpessyy Oerha?é‘di%krdn% 8¥Vc19fn§ %t\kl%?elﬁ“é%cffrtf?%&@ﬁo 'ésdnfﬂ? efiffd '€

gradual | y “€éxpandi ran3| I ons from
t he di sks [e@dlh@edger\mtli b ifigt trmlc/éns@mrfacé betetidipeinsthg agidldirdcyion @ &alseatal speed

of the air flow 23. The hard, disk _drive of ¢claim?22, erein. the tapers on

the ai rf ol ITMeFaelAdacER Satoid 4pe °£fﬁjlefo@ﬁk§aﬁleﬁ° sy ARy PR i ng

edges 10 th@ndr! GHentaliOn RATdaldPBRe oRMAk WRRE,€AHA Wh&ein 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.

23.  The hard disk drive 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.

15



airfoils of the contraction have siml|ar snooth and edge- f riddFERRIARY 2007
extending fromtheir respective |eading edges to their respective trailing
edges. 15 14 FEBRUARY 2007 24. The hard disk drive of claim?22, wherein the
trailing portions of the airfoils of the diffuser and the | eadi ng edges of
the airfoils of the contraction have |linear edges that are substantially
perpendi cular to the directions of the air flow at the downstream and
upstream sjdes, I | yel . the di i I i ng
cdges of 11 AtRRRFEULIRor Sl 22 Bkah BEGSnBRGURET BN olfths PaHL

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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