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Al R- FLOW ACTUATED LATCH 5 CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s
applicatiwo98/44489s priority.to U S. Provisional Patent ApplRGEAUSSH6BEri al
No. 60/042,168, filed March 31,:1997, and entitled Al R-FLOWN ACTUATED LATCH.
10 FI ELD OF THE | NVENTI ON T')HHQFEWAU‘I‘@&TW%A@@{ES to a latch for
rel easably locking a disc drive actuator at a fixed position during power
down conditions. The latch is intended to withstand consi derabl e shock

wi thout allow ng the actuator to be dislodged, thereby preventing damage to

data storage di scs havi ng nmagneti c _storage nedia coated or 15 deposi ted
t her eon. Svore €RQ Fé’r'ﬁ%iEN%ﬁ T%Wérﬂmdﬁ:&u%es to an inproved

| atch for a disc dr| ve actuator assenbl y . whi ch rél'eases automatically in
response to the aerodf{Thisapplicatiore ciaéme paioeity Iy U.0S.aProvisicrial tHagerR tAppligation
di sc, and which [ atches and recaptures the actuator armand holds the arm
and transducer r e d | €02 Qd—@
| NVENTI ON |t |Ss nmklé@téﬂggt gléﬁ ?&géﬂf ?ﬁgl}‘?% Pgév@fkgﬁgenerate I NCI ?ent
to the rotatlgl‘%a ata storage discs in a disc drive. The characteristics
of the air fl ¢ been anal yzed and di scussed in the prior art, as for |
exanple, U S. Pat. No. 25 4,647,997 to Westwood; and in the IBM Jour nal
of Research and Devel opnent, Noverber 1974, pages 480-488. It is known that
two commonly nmounted spaced - '

10 FIELD OF THE INVENTION

The present invention relates to a latc.;h for releasably locking a disc drive
acmafor at a fixed position duﬁng pm.aver down ébnditi.ohs; The latch is intended to
withstand considerable shock without allowing the aétuator to be dislodged, thereby
preventing damage to data storage discs héving magnetic storage media coated or

15 deposited thereon. More particularly, the present in;/e'_ntion relates to an improved
latch for a disc drive actuator assembly which releases automaticélly in response to
the aerodynamic force generated by rotation of the storage disc, and which latches
and recaptures the actuator arm and holds the arm and transducer supported thereby
in fixed position.

20
BACKGROUND OF THE IN VENTION

It is known in the technology thét air flow is generated incident to the
rotation of data storage discs in a disc drive. The c_haracteristics of the air flow have
been analyzed and discussed in the prior art, as for example, U.S. Pat. No.

25 4,647,997 to Westwood, and in the IBM Journal of Research and Development, .

November 1974, pages 480-488. It is known that two commonly mounted spaced



VIO 98/ 44489

PCT/ US98/ 06350 -2- apart rotating discs generates significantly greater air
fl ow t harwoes@assbed by a single rotating disc, and that thePaml$a8/06360 ai r '
flowis also known to be a function of disc diameter and angul ar vel ocity.
The air flow force is greatest adjacent the_é)_eri phery of the rotating disc
and especially at the region defined between two rotating discs, 5 and

fall off rapidly_as ngnlinear function as one noyes away fromthe djsc.
peri phery. | n PATAPPREE dGTETERST sERLcRLY wirler aF Sionfhan asneiated by asingte
read/ wite transducer flies upon an air_cushion or -bearing in extrenely
cl ose proxi mi tptatingtdisc, @addhatithe amount of 3if flpwdisadsagknoas to bea furptiog qfhiv;se
which are of extrenely snmall size, 10 t hat transducer |ands "upon and

takes of f frondiameer andangularovetowdy. ek hiziflbivwn force i greatebt adjscepotri paribheyhen
shocks are applied to the disc drive, that the transducer can nove or

bounce across 4igeHiafiag @ief elifity aCil $efitn ARt PetVeed 6 tbRHNE ldidhe
magnetic film coatei ng g% %%eangrég s’u?’]€ gce Ie%d?ng to h%r g'eand sro?tgnggg%g’
failures._In addjtion..the hard transducer head may dent the surface i
response 10 skﬂ&ip%ﬁlgroﬁ Rpidly; ap@ neplinear g‘t“l%oﬂu?saﬂ?{% TRRVESHAWVY 3¥°‘? &Eﬁh‘ﬂs"
handl i ng of the drive. Wile aerodynam cally ‘actuated | atches have been
described in tpRsiphBfve referenced Westwood patent as well as in U S. Pat.

No. 4,538,193, such | atches have not been effective because of a | ack of

the sensitivity and r &spotasing g nessemnovibie dataadikabiorage devidesyva dasp eeadawtie
since disc drives nust be built to withstand increasingly 20 | ar ge

2 22; i:rts) y Fur t hefranddiEerStlel B8oh 3h &8 Luldfion” GrS8eaRnB Sn eRfefbR QBME SroxBhity 3b e

data surface. In many disc drive_:s, including those which are of extremely small size,
10 that transducer lands upon and takés off frc}m a particular predeﬁned landing region.

It LS possible, when shocks are applied to the disc drive,. that the transducer can move:

or bounce across the surface of the disc, lc_:";ausing erosion or scarring of the magnetic

film coating on the disc surface leading to hard and soft data failures. In addition,

the hard transducer head ma_y'dent the s;xrface in response to sharp jarring forces
15 - attributable to sharp or rough handling o}__‘ the drivg. _

While aerodynamically actuate;l latches have been described in the above
referenced Westwood patent as well as in U.S._ Pat. No. 4,538, 193, such latches have
not been effective because of a lack of the sensitivity and responsiveness to the
available air flow, especially since disc drives must be built to withstand increasingly

20 large shocks. Further, the spring force that restrains the transducer actuator assembly
in the landing zone must be carefully selected so that the force can be overcome when

the discs begin to move.



i the | anding zone nust be carefully selected so that the force can be
overcone when the discs begin to nove. WO 98/ 44489

PCT/ US98/ 0¥398/44482 Thus, a need has arisen for a reliable | BREHUSEH¥IHM sm
responsive to the air flow generated in a small formfactor disc drive to
reliably latch and rel ease the actuator mechgnism while restraining the
actuator against relatively strong shocks. 5 SUMMARY OF THE | NVENTI ON A
general object of the S ' ' I.Seat: 2] j [0 ' :
dr awbacks to prior art?é‘gsr‘ g%ﬁdam %@fbgaéffé@é%}é]tﬂgﬁgﬁgmsaﬁsﬁ?e?édarﬁgr}u@gﬁea1r
actuated assenblies in a disc drjve. further object of the invention is
to provide an di9vgenerateddngysmailiform actortdllsgngrmicéq f?lzé’bh?%%ﬁa iTEISAYG i n
the confines of a mniaturized disc drive structure. Another object of the
present i nvent iastuator mechanismi, dehilerrestrdiningi the actustondgainst widtively ssongnshecks.
transducer latch which is capable of reliably holding the actuator armfrom
uncontrol | ed novenent away from a | anding zone position in response to
significant |inear shocks exceeding 300 Gs and rotary (rotational) shocks
15 exceJedi n%‘ﬁﬁﬁgg&‘f%%w TIGNO! her object of the present
inventions to conbine alow<ccost, [owrmss non-electrically powered | atch
mechani sm cooperating with a disc drive actugtor arm such that jle the

whj |
mass of the |atch mechAngeisralobiedt of the present Ipyendions fo oKercpmedigitations and

drawbacks to prior art aerodynamically operated latches for transducer actuated
assemblies in a disc drive.
A further object of the invention .is to pr;wide an effective aerodynamic
10 transducer latch mechanism within the confines of a miniaturized disc drive structure.
Anothef 6bject _of _ thé present invention is to provide an effective,
_aerodynamit:ally response transducer latch which is capable of reliably holding the
‘actuator arm from uncontrolled movement away from a landing zone position in
response to significant linear shocks exceec_ling 300 Gs and rotary (rotational) shocks
15 exceeding 15,000 radians/s’. |
Another object of the present invention is to combine a low cost, low;mass
non-electrically powered latch mechanism cooperating with a disc drivé actuator arm
such that while the mass of the latch mechanism is significantly less than the mass of
the actuator arm, the latch mechanism is capable of effectively restraining the arm
20 against movement. |
Another object of the invention is to adopt a design of an aerodynamically

effective latch mechanism which fits very closely adjacent to the voice coil motor



/
the actuator arm the latch nmechanismis capable of effectively restraining

the arm20 . agai nst novenent. Another object of the invention is to
adopt a da¥Og§¥448 an aerodynamically effective | atch: mechani REA/UBABMIG3S0 { S
very closely adjacent to the voice coil notor WO 98/ 44489

PCT/ US98/ 06350 -4- such that a m ni num anounf,_of housing area needs to be
devoted to the latch nmechanism A further object of the present invention

R T e O

direction substantially parallel to the direction.in which the actuator arm
will attenpt t®eB¥ESWo that a naxi numrestraining force can be applied to
the actuator arm Anot her object of the present invention is to provide an
aer odynami cal | y r esponsifurthéraibjéct of ciapiesent wivention 3s toproviieralaed medhanisnt he
confines of the 10 predefined housing w thout adaptation of the design

of the housi ngwificiRGRRANRAsiralniey AhGR-1atthéd agsindyma tchatdryarif ooie &
of the present invention is incorporated in a disc drive which includes a

base cast 61 eLi Mg RO i AR oL B oAbt i 89
P g O & S et atm wAll APt 19 Move 0 that & maxium FEStramnY force can be applicd
to the actuator arm.
~ Another object of the present invention is to provide an aerodynamically
responsive latch. mechanism which is incorporated within th.e_ conﬁnes of the
10 ' prodeﬁned housing without adaptation of the design of the housing to accommodate
the latch. | |
The ae;odynami@ally powered lotch of the present inventioo is incorporated
- in a disc drive which includes a base castmg defining a chamber, imd a plurality or
at least two rotating data storage disos .jloumaled for rotation relative to the base
15 casting on a spindie motor. A transducer actuator assembly is mounted in the
chamber adjacent the rotating discs and supporto data transducer hwdo in close
proximity to a major data surface of each of the .discs, and moves the heads from
track to track over the surface of the disc. A latch mechanism is provided to latoh the
heads in a non-operating position typically close to the center of the disc although it
20 may bo adapted to latch the heads at the outer edge of the disc or even in a Storage
position on a ramp. The design comprises a latching arm mounted on the rear of the

magnet/backiron which are located above and below the space for rotation of the

actuator arm portion which supports the coil. A rod extending from the rear of the



chanmber adj acent the rotating discs and supports data transducer heads in
closé proximty to a major data surface of each of the discs, and noves the
heads fr OMOMBAE489t 0 tr.ack over the surface of the disc. A | BEGNSPHASBENI sm
is provided to latch the heads in a non-operating position typically close
to the center of the disc although it 20 .simy be adapted to latch the
heads at the outer edge of the disc or even In a storage position on a

ranp. The desi ' hi - .
ragnet  backi r ol HRCE R BEend) ol s pRerERa oyalla e FE o 07 mdbndBieliron
he i whi ch h il. A [ f

LD LUl O Ao sy apiuted by Bhe Thich hri which is rotaling about 2 Pvor pin 106t ©

PCT/ US98/ 06350 actuator arm extends toward, and preferably beyond the rear

of the magnet/ immediately adjacehtiand parailgl tb ¢heparkpositionof tthis 1bckingrad. nThsdateh i s

rotating about a pivot pin located i medi ately adj acent and parallel to the

park position gimidhermARMBiaeds0a s o tHelpid6tpih Jo RAPHIRS dnd Wla 98 160king

spring on the pivot pin to capture and hold this |ocking 5 rod in the

absence of notQrsdri.ven. Lot afs f ' . -Lhe i r t
fl ow of alfsr [ 59@'} grgtkheed&v\sﬁ&f’:%é%g‘s% %"35“'%‘%?0%5%‘?’? r?ﬁﬁ%é.‘%%‘ t"gh g'eréeﬂ‘écr% r§¥at$,haé
magnet / backi ron of the_ voice coil }r‘ritF):éor; the latch armesides in the f|ow

| oop of this aflow|Ywaiadl eated HhicRPRsses HHQUER Jhei 1Rg1on (o el eaRneliheyr e

both located in this air flow |loop. The leading air foil shields the rear
air foil from megnet/ackirarcoftlie vpicaeyil btor; thedatch arm aesidesdn thehBowdoaphof this n
the down position, with the latch arm engagi ng the |ocking rod and hol di ng

(R 2117 Gl TR, Mg hrRstiamte rpking NORe M et loauey i
cl ockw se flow loop. The leading air foil shields the rear air foil from being contacted by any
10 . airstream when the latch is in the down position, with the latch arm engaging the
locking rod and holding the actuator arms. in their parked location. When a sufficient
airstream in the air flow loop is created, the leading air fbil is pushed in the clockwise -
direction against the bias force of the spring, gradually releasing the actuator arm
locking rod. As it does s?:, the rear foil ceases to be shielded from the air flow by the
15 front air foil, and now it also enters the airstream, creating a further rotational torque
to cause the clockwise rotation of the latching arm, and holding the latching arm in
a nonengaged fully clo_ckwiée position. The use of the dual air foils thus maximizes
the torque against the spring bias by creating a coupled moment. Further, the torque
is linearized by the fact that the leading air foil that is closest to the source of air flow
20 is designed to be most efficient in the arm down position while the trailing foil is
mounted on the latch arm at an angle to be most efficient in the arm up position

where the air flows most smoothly over the air foil, urging the air foil in the

clockwise direction. Thus the torque is maintained at a relatively constant level as



di.rection against the bias force of the spring, gradually rel easing the
actuator armlocking rod. As it does so, the rear foil ceases to be

shi el owe dsr4admot he air fl ow by the 15 front air foil,perrdsysws3se al so
enters the airstream creating a further rotational torque to cause the

cl ockwi se rotation of the latching arm gnd holding the latching armin a
nonengaged fully cl ockw se position. The use of the dual air foils thus
maxi m zes the torqye agai nst the sprin [as by creating a coupled nent .
Fur t her .t HBS AR RERGPR Changes g2 Wﬁﬁ@&@%&%@ Fowst to P8 |
that is closest to the source of air flow 20 is designed to be nost

ef fici ent ibalarvedaaboutidhe pivcti paint avvere impertant sganisidgration| inj ineasushoel on
the latch armat an angle to be nost efficient in the armup position where
the air fl qyrramet snmoothly over the air foil, urging the air foil in the
cl ockwi se direction. Thus the torque is naintained at a relatively constant
| evel as WO 98/ 89 : : :

PCT/ US98/ 06350 - 6- ‘l'?iﬁseﬁ%sr:% 2lso, allows the latch arm axis of sotation to be prientad i gn
further allows the armto be bal anced ,about the.pivot point. a ver

i mpor tant  CYHOEIBALIO; tBR artyalor aXisoTIREAeN  Esultigg R a “ﬂwglgae"%’l‘?“ﬁll %%cgl | ows
the latch armaxis of rotation to be oriented 5 orthogonal to the

act uat or axtokrarfcer ot ati on, resulting in a very high rotational shock
tolerance. The air flow |loop is optim zed by providing air blades extending

fromthe end of thqheuFTRIW RBHS bptimieedTby Peoviding iair Bladisextediding fromuate pat h
toward the center :

end of the magnet/backiron combination in a generall_y arcuate path t_oward the center
of the discs, so that the air flow generated by the spinning discs passes between these
10 air deflectors and the side of the housing and is channeled thereby behind the
magnet/backiron of the voice coil motor, impacting the air flow actuated latch with
an optimum amount of force when the discs are rdtaﬁng.
Other objects, advantages and features of the present invention will be
better underétood and appreciated from a consideration of the foilowing detailed

15 description of a preferred embodiment presented in conjunction with the

accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagrammatic enlarged top plan view of a disc drive
20 incorporating the principal features of the present invention with the latch shown in

the engaged position;



of the discs, so that the air flow generated by the spinning discs passes
bet ween t hese 10 air deflectors and the side of the housing and is
channel %D 23i¢&448Dy behi nd t he nmagnet/backiron of the voi ce BETIUSARR6IH0

i npacting the air flow actuated latch with an opti mum anount of force when
the discs are rotating. O her objects, adv?lt ages and features of the
present invention will be better understood and appreciated froma '

consi deration of thegf | ' ] : eyl of . r
embodi ment present edF lrgﬁ_l'écg\riu\% %%%ﬂ?%ﬁkﬁgﬁ@hﬁeg%n%%%%ﬁ%eﬂ%@ﬁ g%’%{egklc‘ég
DESCRI PTI ON OF _ THE DRAWNGS Figure 1 is a diagrammtic enlarged top plan
view of a di @disggrixe ipeprporating t inyeatinn [eludingthe ardafigction yangsand
present invention with the |atch shown'in the engaged position; WO

98/ 44489 the latch arm; : PCT/ US98/ 06350
-7- Figure 2 is a partial perspective view of several of the major elenents

of a disc drive i nCorpiréd 3A%NIMB BfEBnatib Veswd OfNthieNalcH GirMdaridNAr fbils as
defl ection vanes and the latch arm Figures 3A and 3B are schematic views

2 rstredm wildy BROReBedied 1% Afetam. bt e e SACCRRTAE B it Rm dowm e

rear foil is not active in the airstream and Figure 3B_showi ng the latch
in the up podesitign Whees the reas fal ispatactye 1 he AisiEaReand FigwrnSH dawinpihe has
rutty latch in the up position where the actuator arm is released and the rear foil has fully
entered the airstream; and
Figures' 4A, 4B, and 4C are perspecti\)e views of the primary mechanical

10 elements of the present invention including the latch arm frame (Figure 4A), the bias

spring (Figure 4B), and the mounting pin (Figure 4C).

DETAILEDDESCRIPTK)N OF A PREFERRED EMBODIMENT
. A disc drive constructed in accordance with the pﬁnciples of the present
15 invention is illustrated in the top plan view of Figure 1 and again ix_l the perspective
view of Figure 2. Both Figure 1 and 2 shbw the latch arm in the activated position
where the arm 10 engages a locking extension rod 12 which extends from the rear of
the actuator arm 14. This engagement of extension rod 12 is clearly shown in the
perspective view of Figure 2; for contrast, Figure 1 illustrates the air flow loop which
20 is created by the rotation of the discs 16. As these discs rotate, air flow as
represented by the arrows 18, 20 on either side of the actuator arm is sufficient to

actuate the latch, causing a clockwise rotation to release the locking rod 12 and allow



.entered the airstream and Figures 4A, 4B, and 4C are perspective views of
the primary mechani cal 10 . elements of the present invention including

the | at &io 9g/ma48s ame (Figure 4A), the bias spring (Figure 4sgruaswbes&e
mounting pin (Figure 4C). DETAI LED DESCRI PTI ON OF A PREFERRED ENMBODI MENT A

disc drive constructed in accordance with ghe principles of the present 15

invention is illustrated in the top plan vPew of Figure 1 and again in the

perspective view of Figure 2. Both Figure.l and 2 show the |atch armin the
activat ed po%tatosPh \/%%?‘é‘“?‘ﬁéaﬁT‘rh“loT@ggS@@Q“ ijl hedurhersxrlaiaee withorespeet

whi ch extends fromthe rear of the actuator arm 14. This engagenent of

ext ensi on rotb Figures A @ad BB.shown in the perspective view of Figure 2; for

contrast, Figure 1 illustrates the air flow | oop which 20 is created by

the rotation of the Tes@ginc WiveAhoWRERFiGLASSE afd AliRcludéd a unfiyARousing 25
represented by the arrows 18, 20 on either side of the actuator armis

| APLYPR Ll Bong AR B8 e 6 Aol o5

PCT/ U898/ 06350 -8- rotation of t he act uat or arm14. This rotation wll be
furt her 2expl and, sepnarisithe gispedf. (Hheroptionsofthe anwd@ammcaaﬁ%romtnoveofsth@m

in Figures 1 and 2 includes a unitary housing 25 which supports a spindle
nmot or (not skisen)6 abgenempEstbl air oy ndicatedsbytherarraws bakd 20; the rotatin is
supports the discs 16. The rotation of the spindle notor causes rotation of
the at a predetermined and constant velocity.
In the disc drive, the data storage _discs 16 provide data storage surfaces on
the data storage regions on tracks on the upper and lower surfaces of each disc. The
10 surfaces are characterized by the presence of suitable magnetic storagé media which
are coated, plated or deposited on the..surface of the disc. A rotary actuator arm 14
is provided which is journaled to the base casting 25 about an axis of rotation 30.
The actuator arm 14 rotates bidirectionally over each surface of each disc as indicated
by the arrow 32. This rotation is controlled By a voice coil motor on the rear of the
'1_5 - actuator arm comprising a coil generally iﬁdicated at 34 which lies between a pair of
permanent magnets 36, 38 (see Figure 2) éach of which is typically supportéd from
a baékiron 40, 42 to enhance the flux concentration in the active region of the motor.
Energization of the coil by current supplied to the coil from a control source 44
causes selective movement of the actuator arm along the path indicated by the arrow
20 32 to move the transducer support arm 46. Each transducer support arm 46 supports

a transducer 48 which is used to access the data storage locations on the surface of

each disc.



di scs 16 and generates the air flow indicated by the arrows 18 and 20; the

rotation is at a predetermni ned and constant velocity. In the disc drive,

t he -dat-avem8Me§d di scs 16 provi de data storage surfaces onPCRASAYPE@SEt or age

regions on tracks on the upper and | ower surfaces of each disc. The 10

surfaces are characterized by the presencef suitable magnetic storage

medi a which are coated, plated or deposited on the surface of the disc. A
g

rotary actuator arm %fﬁh;‘ﬁscoéa%%fsﬁgﬁ%%? dg @M&%k}@r% }}[ﬂg RASEr SRR

25 about an axis of Ton ator . ar
bidirectional|y over each surface of each disc as ipndjcated by the arrow
32. This rot § op yrhighgnese flafa storags,localiqngjare aﬁé'éﬁd~oﬁ“tlﬂ€eer¥'éaﬁ““5fz°f‘ﬁe 15

actuator armconprising a coil generally indicated at 34 which |lies between =

a pair of pertypically themgdthtaf sgeeraBef (hesetracigiand @mppisitg tfpicahlycthe iisnermost
typically supported froma backiron 40, 42 to enhance the fl ux

concentrati OftepidnidTah@sloraR diss)i dmpifsed B‘i‘e%!@h 3. deévaRiddioAahdiAR afll tAIRRfCER |
by current supplied to the coil froma control source 44 causes sel ective
novenment of t

52 to mive 1 e PRSI Bruly abr e babdfiRTREH chint St O elise

supports a transducer 48 which is used tQo access the ,data storage | ocations
on the surfackhigh eomprises e concegirigeanmirodata tracks is accurately accessed by
PCT/ US98/ 06350 -9- Each disc data storage surface is characterized by
mul ti pl e ci r cunbvement ofiitke actaiter armdéstoamausehihehransdweer ddtte betlocatee overcarte ons
are defined. An inner |anding zone,
of the data tracks. When the disc drive is no longer in use, then the actuator arm
moves the transducer 48 to land over the landing zone 52 and rest on the surface of
10 the discs 16. At this point, the laich engagement afm 10 engages the locking rod or
pin 12 which extends from the rear of the actuator arm 14 which supports the voice
coii motor to firmly hold the transducer in the landing zone so that in the event of
* even a severe shock to this disc drive, the transducer cannot be dislodged and slide
across the surface of the disc, causing damage to either or both of the surface of the
15 disc and the transducer 48.
The latch arm is shown in both latched and unlatched positions in Figures
3A and 3B, respectively. As can be seen by comparing Figures 3A and 3B with
Figure 2, the latch arm is jourhaled to a frame 50 which is supported from the rear
of the voice coil motor magnets and backirons, by a post 52. The frame 50 is shown
20 in perspective in Figure 4A; the post 52 is shown in perspective view in Figure 4C;
the latch arm 10 is normally biased into the latching position shown in Figure 2 and

Figure 3A by a spring 54 shown in Figure 4B. A review of Figure 4A makes it

apparent that the spring 54 is mounted on post 52 between frame 50 and arm 10 with



'Yﬂically the width of several of these tracks and conprising typically the
s i nnernost region of the storage disc, conprises a region 52 devoted to

™di Ngy@gladsgkeof f of 5 t he transducer/slider assentddrdshs/oéia - .
remai ni ng region . of the surface of the disc which conprises the concentric

annul ar data tracks is accurately accessed by novenent of the actuator arm
14 to cause the transducer 48 to be | ocatkY over one of the data tracks.

Wien the disc drive is no longer in use, then the actuator arm noves the
tr ansducer #® Pong'similingeleg 3fepnessed iagainsiohpost 28 andthe dmmeysp thabthearmalt® of
10 the di.scs 16. At this point, the |latch engagenent arm 10 engages the

| ocki ng rodisonopnailyl Biaskd ditoetké ¢atcls dbwarpdsitiont ebr thi$ poditiom,cthe ata foilr 60 14
whi ch supports the voice coil notor to firmy hold the transducer in the

| andi ng Zonﬁqoﬁﬁteh%tthéi’w}@%@&ﬁ%aﬁﬁ 19@@0@,;&%1?%&%&9%& %msiwd@gse of

drive, the transducer cann be di sl odged anhd slide across e sur

t he di sc, cgusidpg di{g%ge to either or both of the surface of the 15 di sc
and the transadd@¥es8* The latch armis shown in both |atched and unl at ched
positions in Figures 3A and 3B, respectively. As can be seen by conparing

Fi gured 3A and 3B wFhenleadiggair 1oil §2ns meunded oan.the leadipg edse efitherm 1Q antk 50

which is supported fromthe rear of the voice coil notor nagnets and
backi rons, bynedposhptuZe thEhefféct afithebdirsteamhiBuvhen the dises ipepis peadrh v @hin
Figure 4A; the post 52 is shown in perspective viewin Figure 4C, the latch

arm 10 is Nne,gR Xirbfcﬁp‘gé #s4t0ité eaxdimbih bffectRRAkds! ﬁncﬁﬂﬂ'}g;tﬂe“irﬂi%neo and

Figure 3A by a spring 54 shown in Figure 4B. A review of Figure 4A makes it

apparent t hafod DRe 6o e 16ed HhrSs B2 WAR3kredm PE1VERRel b5 The PSkafili’ 27
of the discs 16. As the arﬁ 10 rotates ih the clockwise direction. under the impetus
10~ of the airstream 18 pressing against the leading airfoil 62, the rear air foil emerges
' _from the shadow of the leading air foil and begins to be impacted by the airstream 18.
As this occurs, the airstream passing over the slightly cdncave surface of the air foil
tends to also force this foil to move the arm 10 in a clockwise-direction. As the discs
reach full speed and the windstrg#m 18 is fﬁlly established, the soméwhat convex
15 lwding air foil 62 (that is convex relative to the pin 52) and the concave rear air foil
60 both are now | engaged by the airstream to move the locking arm 10 to its
maximum clockwise position, and hold it there. This allows the actuator locking pin
12 to emerge from the notch 64 of the locking arm 10, leaving the actuator arm 14
free to move along the path of the arrow 32 in response to commands from the

20 control interface 44.

Although the airstream 18 would have a natural tendency to pass behind
the magnets land' backiron of the voice coil motor, the stream effectiveness is

enhanced by providing air deflector blades 70 shown in the top plan view of Figure



MO 98/ 44489 _
PCT/ US98/ 06350 -10- the spring's trailing |leg 56 pressed agai nst a post 58
on the -WIP4489 t hat .the arm 10 is nornal ly biased into tRETIEROBA63EHWN
position. In this position, the rear foil 60 nounted on the rear edge of
the arm 10 is conpletely shielded fromthgairstream 18 (see Figure 3A). 5
The leading air foil 62 is nmounted on the |eading edge of the arm 10 and

curved to CaPtagE nbfca r!fﬁ} g%fllaésr%{:ﬁﬁ gferrwx; Qfﬁﬁ?ﬁ?ﬁgﬁ’% At $res U alko! O

turn. This leading air ctiveness 1 n causing

the initiation of ,clockw se rotatio f._the | qcking armas the w ndstream
18 i's creat cougted Fthe 5635 Of She DREelo 38280 backivens fflcaZand SHERbPIETEO ¢ he
cl ockwi se direction under the inpetus 10 of the airstream 18 pressing
agai nst t he #lenglianglighithyf airved patht hndercand bétwetnithe dises gnd toward theecenterdow
of the leading air foil and begins to be inpacted by the airstream 18. As

t_hi S OcCcurs, g e 27 OF theQAdHoRaAB !p?&/idih%ﬂlek@ﬁrbla'ue@w) Yo ﬁﬂrtﬁ@gﬁp§w5vé€rﬁtﬁéf t he
air foil tends to also force this foil to nove the arm 10 in a cl ockw se

ai o, _ : i | q . ‘ .
st abl i ned sk Snd 8 kBRG] B ArSPEETbaGEeA e URSHEERNM b lob ot teX
relative to the pin 52) and the concave rear-air foil 60 both are now
engaged by tRhusiRg and dhelower disreof; the bogem ﬂé)thérl}ﬂus‘i‘é’ the gipstream.} §ipmnost

cl ockwi se position, and hold it there. This allows the actuator |ocking pin
12 t o ener geeffeaivetyhehanaeleth beHindfthe hwgneislend dpackinonl 6f theemicencpil metarcindat or
arm 14 free to nove along the path of the arrow 32 in response to comrands

fromthe 20 jnto efpapéhétt with 8 FfRCarfirearlit RAN®?2, 60 fhé Ritdheam. 1 Gnioitiolshave
a natural tendency to pass behind the nagnets and backiron of the voice

coil motor, fhléela%l{ G tgf !];eeﬁaic&?rfﬁ Yhe i_o?)timum location for positively engaging the

10 actuator arm to the rear of the actuator, and in an optimal posi;ion for positively
engaging the extension pin 12 of the latch afm, with the axis of rotation of the latch
arm 10 orthogonal to the actuator arm 14. |

The design of the locking arm with the leading and trailing air foils 62, 60
creates a numbef of advantages. These advantages including that torque is maximized

15 by creating a coupled moment to cause and maintaiﬁ rotation of the latch arm 10
against the biasing force of the spring 54. Furthér, the torque is linearized since the
leading foil 62 is de#igned to be most efficient in the arm down position while the
trailing foil 60 is most efficient in the arm up position. Therefore, the torque that is
generated (by the system) as the arm changes position proportionally counteracts the

20 resisting torque created by the torsion spring as illustrated in Figures 3A and 3B.
Finally, the use of both front and rear air foils 62, 60 allows the latch arm to be
balanced about the pivot point defined by the pivot pin 52, an important consideration

in tolerating linear shock. The orthogonal orientation of the latch arm relative to the



enhanced by providing air deflector blades 70 shown in the top plan view of
Fi gure WD 98/ 44489

PCT/ USSg6Q8324%91 and nore clearly in the perspect i_ve_viev;scqu@sg,ggsta 2.
These air vanes are also nmounted to the rear of the nagnets 36, 38 and
backirons 40, 42 and extend preferably along a slightly curved path under
and between the discs and toward the centlér spindle 27 of the mptor. By
providing these air blades 70 to fill the gaps between the 5 di scs and
t o subst ant Raluajorf a1 regwits ga@ yeIyitgh retationgd shockitaleraner (Thast the ddsignhe
housi ng and the | ower disc of the bottomof the housing, the airstream 18
is nost eff achiewslits gohis of edledtihe aivedy hiph 18w vflincanshoblaakd Fetational isheckv oi ce
coil notor and into engagenment with the front and rear air foils 62, 60 of
the | atch agsp; M3 Sctdnital MW RAEEE A i

| ocati on f.o%gﬁ?s@#?c%ﬁsgagl rl]%ﬁ'{oﬁé;p%ﬁoe ﬁcigggggt or gﬂrl m%rgﬁ%t%g&rlé?gﬁésof t he
actuator, and,in an optinmal positiopon f positively engagi ng the extension
pin 12 of tﬁgdpggrbﬁlead?waqﬁ(pﬁvepﬂgtcg% %fOEE}pr'Sfé’Et'ron of the latch arm 10
orthogonal to the actuator arm 14. -The design of the |ocking armw th the

| eadin§ and traili r@ttwrrfemrma@,adwtageéaotgﬂmprﬂmtemvgntumvdﬂt bepome These
advant ages including that torque is maxi m zed 15 by creating a coupl ed

nmoment to. Cappirean®d drpérSorbNskiltintheodrt whotshrlitsthe prevedn ihOermtivail disdlodure.
bi asing force of the spring 54. Further, the torque is linearized since the

| eadi ng foi ' ' £ Gl i 0 ition
whi e The t FAEreras. F5 R Of 1R PR Ihvéhlioh i R7%e (i Bl ) B IONBATE
Therefore, the torque that is generated (by the systen) as the arm changes
position pr&f™ionally counteracts the




20 - resisting torque created by the torsion spring as illustrated in

-~ Fi gures 3A and 3B. Finally, the use of both front and rear air foils 62, 60
al | ows- W@9%/#48h arm.to be bal anced about the pivot point a@T/Uswosasome

pi vot pin 52, an inportant consideration in tol erating tinear—shock._The

orthogonal orientation of the latch armrelftive to th‘?h;ss ﬁ& /44489

PCT/ US98/ 06350 -12- actuator armresults in a very hi gh W@K
H 1y -

tolerance. T j eves its goals of tol er
| evel of |i nlgglrﬁ ﬁg%@‘iﬁg&%?i?, onal shock while provi d|
nore positive latching effect than the magnetic | atches and even the air

vane driven |atches of the prior art. 5 Q her features and
advant ages of the present invention will becone apparent to a person of
skill in the art whol.st udArsetddynamies latth systemrfior use idiasdibodriveehavihg atieaste,

the scope of the present invention is to be limted only by the follow ng

cl ai ms. 18w8 discs p&ﬁé@ﬂ%%ﬁﬁt@r&l@&@isémtﬁm dvdut HTentril sHiktISCa Bdnitier
having at | east two discs supported for counterclockw se rotation about a

central gs p' ng %@ er‘fbé'cag] GRes ﬂg ﬁég?ﬂf’p Yanl C?rﬂoatéﬁia?&' 4rfll moRhfld ot % b0 Ys %d

act uat OI’ rom

housing chamber supported for rotation about a common central shaft, said actuator
arm supporting a data transducer in close proximity to a major data surface of each
of said discs, and an actuator motor at an opposite end and on an opposite side of said
pivot for moving said transducer from track to track over a surface of the disc in
10 résponse to commands to said motor, said actuator arm further inch;ding a locking
pin extending.radially away from said axis of said pivot of said actuator arm from
said voice coil motor, and a latch arm mounted from a rear frame of said voice coil -
motor and oﬁhogonal 10 said pivot pin, said latch arm being responsive to a flow loop
of air generated by said spinning discs and. paésing behind said voice coil motor to
15 change posi_tions from a first position latching said locking pin to. a second position

allowing free rotation of said actuator arm about said pivot axis.

2. An aerodynamic latch as claimed in claim 1 wherein said frame

supporting said pin which in turn supports said locking arm of said aerodynamic latch

20 is mounted to a rear portion of said semicircular magnet and backiron distal from said
pivot of said actuator arm so that said pivot pin is substantially parallel to said locking

pin of said actuator arm and said locking arm is orthogonal to said actuator arm axis

of rotation (pivot).
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“housi ng sai d actuater—arm-supported for rotation about a central pivot,

said actuator armsu O_l’HtI a tlarcéadﬁsducer in close proximty to a surface
of a divwo ogrhd4ssi d 3 B REe A el ce coil notor at an oppeSTAUSYSsds@and on
an opposite side of?‘ m n m_r novi ng said transducer fromtrack to
track over said sur sc in response to comands to said notor,
said actuator armfurther including a | oC 4|“ng pi n extendi ng substantially
radial ly-away froman axjs of .said shaft of said actyator arm proximl said
voi ce coil motor, and a ‘é?%"ﬁdmam‘?jﬂﬁ ?%P‘F&Hgﬁlﬁﬁi’ wherey said lateharm
conprising a pivot to support -said latch arm said |atch arm having a

| eadi ng ai r hasa firgidehding ainifoil agd arseednsd trailing airdiili mowrted divinm gppasitetendsis  on
either side of said pivot and responsive to a flow | oop of air generated by
sai d spi nni gfs4ldl 3ach and, K8 Iedtingd&inifol shadolvingisaid tealiihg AR ANl fromGhRINe
positions rotatably about an axis of said pivot froma first position

| at chi ng sali t i ' aid | ocking pin to a second
position, there yﬁ%ﬁﬁé’aﬁ%‘ﬁgg’?’g@h&\fﬁ% l\éﬁchqéﬁd allowing free rotation of
sai d agtuator arm about an axis of said shaft. 2. An aerodynam c | atch
as clarmed in claiml wherein said latch armhas the leading air foil and
air foil nounted on opposite side of said |latch armpivot, said |leading air
foi | shadow ng sai d.t r ai An agrodiynarhizi latchrasrolaimied iniclaif 2 whiereis said leading
firstposition of said |atch arm whereby unl ocking of said actuator armis
del ayed unt hir f&] Bafehélly 8bivek|shape wittRfd3bei @d said pivot s%ﬁfﬁﬂmlﬂg@dge k@il ch as
claimed in claim2 wherein said | eading air REPLACEMENT SHEET 4

is a generally concave shape with respect to said pivot.

10 5. An aerodynamic latch as claimed in claim 4 including a spring
~ mounted about said pivot which journals said latch arm to said frame and biases said -

latch arm into said first, lIocking position.

6. An aerodynamic latch as claimed in claim 5 including a notch in
15 - said latch aﬁ_n located closely adjacent said pivot and intermediate said leading and
trailing edges and intermediate said leadin’g air foil and said"piv'ot and engaging said
locking pin of said actuator arm to prevent movement of said actuator arm when said

- discs in said disc drive are not rotating.

20 7. An aerodynamic latch as claimed in claim 6 including a plurality
~ of air deﬂéétor blades which are located at least intermediate each of said discs in said
disc drive to deflect air flow generated by said spinning discs of said disc drive

- behind a rearmost portion of said voice coil motor.

noer P
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foil is general | y convex shape W|th respect to said pivot and said trailing
edge foil is a genﬂﬁﬁ:’oﬂe pe Wth respect to said pivot. 4.

- An_aer oimosiiddse atc claim 3 including a sprPEyUSSR/0A38¢ about
sai d pi vot which jO ch'armrto said frane and bi ases said

|l atch arminto said |rst p05|t|on for Ioc_:]gi_ng said actuator arm 5. An
aerodynamc latch as clained in claim4 including a notch in said latch arm
| ocated cl osely adj ent | vo r i.8 i d | eadi. ng and. .
trailing edges and ter rfiﬁagﬁogy%aé '8%@%%"2@3}'?&"?5@?( g3\ ﬁ"‘b {?chhld
engagi ng sai d | ocki n pin of said actuator armtaq prevent novenent of said
actuat or ar mmatesrineludes agmagnet andsbackiran cgengrallyeseiciseitlar ig; shape gnd gxtendingn
aerodynam c latch as clained in claim5 including a plurality of air

def | ect or bl abtve antlibelovaa eotationdlquathaof said actuator armewhizh supports aceit of saidai d
disc drive to deflect air flow generated by a rotation of said disc of said

disc drive bQBicEQ:oﬁ l’ﬁSﬁ‘ﬁ- 'Héﬁ@ee?noiaid ﬂ?st%fnd%éb&d/ ﬁx'aﬁﬁet%'d' deRir@ﬁ sazd air f16W
aerodynamc latch as clainmed in claim6 wherein said voice coil notor
r

ext ondi g abBoSTE R Bigh.o B FREANY teRTENEL B Ean b oS Mileec

supports a coil of said voice coil notor between said first and second
magnet and backiron, said air flow passing behind said generally

sem circul ar magnet and backiron franmes. 8. An aerodynam c | atch system
for use in a disc drf.ve hAxiaegdgtanhiealatchtsysieEo} déebviadiscShifeThaving at least

two discs supported for counterclockwise rotation about a central spindle, a chamber

- defined by a housing for said discs, and an actuator arm mounted from a base of said

| 10 housing chamber supported for rotatioﬁ about a common central shaft, said actuator
arm supperting a data transducer in close proximity to a major data surface of each

of said discs, and an actuator motor at an opposite end and on an opposite side of said

'pivot for moving said transducer ff_om track to track over a surface of the disc in
response to commands to said motor, said actuator motor including magnets

15 supported from said housing relative to a coil carried on said actuator arm and
supporting means for latching said actuator arm to hold said arm motionless relative

to said discs when said discs are at rest.

10.  An aerodynamic latch as claimed in claim 9 wherein said latching
20  means comprise first and second air-flow responsive means mounted on a latch arm

to move said latch arm from a first locking position to a second unlocked position.
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W se rotation about a central spindle,

15 di scs support
chiamber defined by a housing.filabl&ai d discs, and an actuator arm nount ed
from aybaga44sd sai s rted for rotation about PETRISHSNE3ISEGai d' - °
actuator arm suppor\ Emﬂm:er in close proximty to a data surface
of one disc of said act uat notor at an opposite end and on
an opposite side of said shaft for noving said transducer fromtrack to
track over a surface of said .one of said.discs in.response.tao. nds to
sai d motor, and subdpor t ARgemRdxpamic Jatch a3 elatmed inclaim ?@W&ﬁfeﬁ s%’é St %‘?uat or
armto hold said armnotionless relative to said-discs when said discs are
at rest, sdiow sespposivé means£rom i flomt gereratad diy rRjatiem AL saidr disen untilon

per pendi cul ar to said notion of said actuator arm said |atching neans
conpri si ng sipifidanl a oW H eibiidhér rotation about said supporting means.
9. An aerodynamc latch as clained in claim8 wherein said first air

fl ow responsive nmeans fromair flow generated by rotation of said discs
delay initiating novenent of said |atch armfroma | ocking position to an
unl ocking position until the significant air flow is established.
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