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DRIVE This invention relates to rotary actuators for disk drives and in

particular to pivot bearings for allowing |imted angul ar rotation of a
di sk drive arm BACKGROUND OF THE | NVENTI ON Such .a disk drive with a rotary

actuator is described in ny published Patgnt Specification No. 12
and in US Seri WOR@36883361. It is an object of the present :\I%ﬂwﬁﬁg’o

provide an inproved disk drive of the type formng the basis of US Serial

No 528861. Enbodi ments of the present prgxemgiwsy nmay result in reduction in
slip during pivoting novenent of the rotary actuator. Enbodi nents may

also avoid introducing unwanted torque resisting pivotal novenent during
pi votal nover@his dhventiont valatesirin GewERectRateEs | fENHsk\ drives a8ent

i nvention proy desria sk Xd USivdC| pelirigigen st Ul Xwiign1dsiesd! angmdagn
arm maunti ng device _on_which sajd armassenbly is pivotally nounted for
‘nmovenent abodt® tﬂ'FVonaii‘gfs}%gr&vgr mésenbly havi ng at | east one rocker
menber with a first abutnent, said nounting device conprising a pillar

menber- ext endi ng al ong sai d pexekeretNd a¥ RAree¢ond abut ment, said
first and second abutnents ormng a pair of abutnents at |east one
of which is curved, . :
such a disk drive with a rotary actuator is described in my
published Patent Specification No. W095/06312 and in US Serial

No 528861.

It is an object of the present invention to provide an
improved disk drive of the type forming the basis of US Serial
No 528861. Embodiments of the present invention may result in
reduction in slip during pivoting movement of the rotary
actuator. Embodiments may also avoid introducing unwanted
torque resisting pivotal movement during pivotal movement of
the actuator arm. '

S OF THE INVENTION

The present invention provides a disk drive including an
actuator arm assembly and an arm mounting device on which said
arm assembly is pivotally mounted for movement about a pivot
axis,
said arm assembly having at least one rocker member with
a first abutment,
said mounting device comprising a pillar member extending
along said pivot axis and having a second abutment, '
said first and second abutments forming a pair of
abutments at least one of which is curved,
said arm assembly being mounted on said mounting device
with said first abutment abutting said second abutment aleng
said pivot axis and in rolling engagement with said second
* abutment, _
and said disk drive further comprising a resilient bias
device acting between said mounting device and said actuator
arm assembly to urge said first abutment into contact with



said arm assenbl y being nounted on said rmuntl ng device wth sai d first
abut nent abutting said second abutnent along sa ot axis and in rolling
engagenent wi th said second abutne W% |WAsiBEENr| ve further
conprising a resilient bias device C h ; n sail{d nounting devi ce and

sai d actuator arm assenbly to urge i : into conta
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abutnment, and a flexible restraining- geaber secured both to said
nounting device and to said arm assenbly to prevent novenent of said
rocker menber in a direction perpendicular to said pivot axis while
pernmitting psabdal seseirembwinedi,d aotduaror faenible errstrainings apEmpBeY ot

axis, at |easfseeﬂﬁe@fbéah dtabyiiwnﬁsuzbﬁm dB*ilec ndn td BALabhemmassenblyt O
prevent slidi e AR ﬁ %S%ghgmt r@,asiezaesf&ﬁ,eqbumerusdq%aeegon

flexing of sai nvention also provides a
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a pivot axis and ext ndi n afirs tion away fro hepvo

and per pendi c@farl83§ h%“% \9%t i ag‘é{: Ctrﬁmgﬂlé%f'\?uﬂg]%ng at® I}é‘gg%bone
rocker nenber mouhbing f tpstpmnerﬁlifdimqngnqwemn@edmﬁmvm anridonfirsthsaedse
to second abutments during flexing of said restraining member.

The inventioh also provides a disk drive including an actuator
arm assembly and a mounting device, said arm assembly being
pivotally mounted on the mounting device for movement about a
pivot axis and extending in a first direction away from the
pivot axis and perpendicular to the pivot axis,

said arm assembly having at least one rocker member with
a first abutment facing in a second direction transverse to
both said first directién and said pivot axis,

said mounting device comprising a pillar member extending
along said pivot axis and having at least one second abutment
facing said rocker member abutment,

said first and second abutments forming a pair of
abutments one of which is curved, '

said arm assembly being mounted on said mounting device
with said first abutment abutting said second abutment along a
line parallel to said pivot axis and in rolling engagement
with said second aButment,

and said disk drive further comprising a resilient bias
device acting between said mounting device and said actuator
arm assembly to urge said first abutment into contact with
said second abutment, and a flexible restraining member
secured both to said mounting device and to said arm assembly
to prevent movement of _said rocker member in a direction
perpendicular to said pivot axis while permitting pivotal
movement of said actuator arm assembly about said pivot axis,
at least one of said abutments being mounted on a movable
mounting to prevent sliding movement between said first and
second abutments during flexing of said restraining member.
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both said first direction and said pivot axis, said nounting device
conprising a pillar nenber extending along said pivot axis and havi ng at

| east one second abutnent facing said rocker nenber abutnent, said first
and second abutnments formng a pair of abutnents one of which is curved,
said arm assenb] ei ng nounted on said nounting device with said first
abut nent abuttiWé’g’ﬂ?‘ﬁt’gsecond abutnment along a |line parallel lrgrlgg?ﬁmasvot
axis and in rolling engagenment with sai d-sgcend abutnent, and said disk
drive further conprising a resilient bias device acting between said
mounti ng device and said actuator arm assenbly to _urge said first abutnent
into contact ®REhiBveRkiqn AdPamnovddes andigksdwiye| ingluding anngchuater
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facing in a second direction transverse to both said first
direction and to said pivot axis,

said mounting device comprising a pillar member extending
along said pivot axis and havihg a second abutment facing said
first abutment,

said first and second abutments forming a pair of
abutments one of which is curved,

said arm assembly being mounted on said mounting device
with said first abutment abutting said second abutment along
said pivot axis and in rolling engagement with said second
abutment,

said disk drive further comprising a resilient bias
device acting between said mounting device and said actuator
arm assembly to urge said first abutment into contact with
said second abutment, and a flexure plate secured along
opposite edges to said mounting device and to said arm -
assembly respectively to prevent movement between said arnm
assembly and said mounting device other than pivotal movement
of said actuator arm assembly about said pivot axis, at least
one of said abutments being mounted on a movable mounting to
prevent sliding movement between said first and second
abutments during flexing of said flexure plate.

Said movable mounting in one of said abutments may comprise a
rolling mounting to permit rolling movement.

Said one abutment mounted on a movable mounting may comprise a
rocking member extending parallel to the pivot axis of the
arm, said member having at least one abutment face



The invention al so provides a disk drive including an actuator arm assenbly
and a nounting device, said armassenbly being pivotally nounted on the
nount i ng device for novenent about a pivot axis and extending in a first
direction away fromthe pivot: axis and perpendicular to the pivot axis,
said armassenbly having a read/wite transducer nounted ther

| east one rocke‘?’24 with a first abutnment facing in a sec%@?&%@h on
transverse to both said first direction angl 0o said pivot axis, said-
nmounti ng device conprising a pillar menber extending along said pivot axis
and having a second abutnment facing said first abutnent, said first and
second abut mefieE RAGKING acpaFachi WAkht R s OGRET ofaRRFIERt sand)r FedroilieH
arm assenbl y berfgcenoppedite said waentabagmdati cacei tands afatnfings tpaattut agnt

abutting said ng said pivot axis and in rolling
T R

engagenent w Sal d seco nt, said disk drive further conprising a
resilient bias device acting between said nounting device and said actuator

aL m assenbl ydbﬁeﬂls%ﬁaiﬂzé | #15dyidlet geerrsmm@%gwér \Cifio&dpriﬁéﬁl seedefure
abut mrent, an exure platee secured.al ong opposit.e e sai d. mu ng
devi ce and topg‘é\{:ﬁl %?Wﬁgie%ﬂv P‘??ﬁg&??v% e$gt‘|’c.)rse§/1e tn%ﬁgl\?gﬁgn?egﬁ?v\e ’h&
sai d ar m assebbl sakhcctiataram agsemvly aespiestivaivn. pi vot al novenent of
sai d actuator-arm assenbly about said pivot axis, at |east one of said

abutments bei Qgegg#argleyg Qﬂle affpél‘@blabeut@e%@ 'crlaqnptro.!.ses two abutment surfaces
spaced apart from each other in a direction along said pivot

axis and said flexure plate extends between said abutment
surfaces.

The invention also provides a disk drive including an actuator
arm assembly and a mounting device on which said arm assembly
is pivotally mounted for movement about a pivot axis,

said arm assembly having at least one rocker member with
a first abutment,

said mounting device comprising a pillar member extending
along said pivot axis and having a second abutment, '

said first and second abutments forming a pair of
abutments at least one of which is curved, .

said arm assembly being mounted on said mounting device
with said first abutment abutting said second abutment along
said pivot axis and in rolling engagement with said second
abutment,

said disk drive further comprising a deformable flexure
secured both to said mounting device and to said arm assembly
to prevent movement of said rocker member in a direction
perpendicular to said pivot axis while deforming to permit
pivotal movement of said actuator arm assembly about said
pivot axis, and a resilient bias device acting between said
mounting device and said actuator arm assembly to apply a bias
force to urge said first abutment into contact with said
second abutment, said bias device applying said bias force
through a point of contact between said first and second



prevent sliding novenent between said first and second abutnents during
flexing of said flexure plate. Said novable nounting in one of said
abutments may conprise a rolling nounting to permt rolling novenent. Said
one abut nent nounted on a novabl e nounting nay conprise a rocki ng nenber
extending parallel to the pivot axis of the arm said nenber__havin at
| east one abufYRH{0868B5ce WD 97/ 08688 PCT/GBI6/02115
PCT/ GB96/ 02115 -4- for rocking contact wiihgthe other abutnment and a roller
surface opposite said one abutnent face and form ng part of said novable
mounting. Preferably the flexible restraining nenber conprises a flexure

pl ate secured abputmentspohene thegdd exyreaild motndedgruedi bet apfifsetting the
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surfaces. The retwm |t@ntales§n§¢m Qprdll;tk-oml ve including an actuat or
arm assenbly and a nounting device on which said armassenbly is p| vot ally

rount 0, TO7 REA™{eGHiGth PafbBhofiife € UEP DA TRaLRY Y Meditit
arm assembly and a mounting device, said arm assembly being
pivotally mounted on the mounting device for movement about a
pivot axis and extending in a first direction away from the
pivot axis and perpendicular to the pivot axis,

said arm assembly having at least one rocker member with
a first abutment facing in a second direction transverse to
both said first direction and said pivot axis,

said mounting device comprising a pillar member extending
along said pivot axis and having at least one second abutment
facing said rocker member abutment,

said first and second abutments forming a pair of
abutments one of which is curved, '

said arn{ assembly being mounted on said mounting device
with said first abutment abutting said second abutment along a
line parallel to said pivot axis and in roll:.ng enqaqement
with said second abutment,

said disk drive further comprising a deformable flexure
secured both to said mounting device and to said arm assembly
to prevent movement of said rocker member in a direction
perpendicular to said pivot axis while deforming to permit
pivotal movement of said actuator arm assembly about said
pivot axis, and a resilient bias device acting between said
mounting device and said actuator arm assembly to apply a bias
force to urge said first abutment into contact with said
second abutment, said bias device applying said bias force
through a point of contact between said first and second
abutments when the flexure is not deformed but offsetting the
bias force from the point of contact when the flekure is
deformed sc as to oppése force of the flexure tending teo
return to the undeformed condition.



said nmounting device conprising a pillar nenber extending al ong said pivot
axis and having a second abutnent, said first and second abutnents form ng
a pair of abutnents at |east one of which is curved, said arm assenbly

bei ng nmounted on said nounting device with said first abutnent abutting

sai d second abutnment along said pivot axis and in rolling en errent W|th
sai d second abdWOBHI8688sai d di sk drive further conprising a dg?‘g‘?’

fl exure secured both to said nmounting deyigea and to said armassenbly to
prevent novenent of said rocker nmenber in a direction perpendicular to said
pivot axis while deformng to permt pivotal novenent of said actuator arm
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facing in a second direction transverse to both said first
direction and to said pivot axis,

said mounting device comprising a pillar member extending
along said pivot axis and having a second abutment facing said
first abutment,

said first and second abutments forming a pair of
abutments one of which is curved,

said arm assembly being mounted on said mounting device
with said first abutment abutting said second - abutment along
said pivot axis and in rolling engagement with said second
abutment, said disk drive further comprising a deformable
flexure plate secured along opposite edges to said mounting
device and to said arm assembly respectively to prevent
movement between said arm assembly and said mounting device
other than pivotal movement of said actuator arm assembly
about the pivot axis, and a resilient bias device ‘acting
between said mounting device and said actuator arm assembly to
apply a bias force to urge said first abutment into contact
with said second abutment, said bias device applying said bias
force through a point of contact between said first and second
abutments when the flexure plate is not deformed but
offsetting the bias force from the point of contact when the
flexure plate is deformed so as to oppose force of the flexure
plate tending to return to the undeformed condition.

Preferably said resilient bias device is a'rrahged to act on
said mounting device and said actuator arm assembly to apply 2
bias force which progressively increases its offet from the
point of contact between said first and second abutments as



arm assenbly and a nounting device, said arm assenbly being pivotally

nmount ed on the nounting device for novenent about a pivot axis and
extending in a first direction away fromthe pivot axis and perpendi cul ar
to the pivot axis, said armassenbly having at | east one rocker nenber with
adirst abutnment facing in a second direction transverse to both said first
direction and s3I axis, said nounting device conprisi ngPEI/EPI60ZHS
menber extendi ng along said pivot axis and7aving at | east one second

abut ment facing said rocker nenber abutnent, said first and second
abutnents formng a pair of abutnments one of which is curved, said arm .
assenbl y bei nEhfourrd dhivwedisd FTberEg 8evi decrpase sfefaxmaddonbuofentthe
abutting sai d cesroamababuEbewire) ong a line parallel to said pivot axis and
in rolling engagenment with said second abutment, said disk drive further
conprising a deformable flexure secured both to said nounting device and to
sai d ar m asseffefegrgbare faic mRRaentofbiRg deviger iseabtanged atai rengagen
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offset from the point of contact between the abutment surfaces

increases the turning moment applied by the resilient bias
device to oppose increasing restoration force of the flexure
as pivot movement of the arm occurs.

The invention includes a rocker cartridge for an actuator arm
assembly; said cartridge including a mounting device:; rocker
member, bias device and flexure plate as aforesaid.

DES ON QOF DRAWI

Figure 1 is a perspective view of a disk drive and a disk in
accordance with the present invention.

Figure 2 is a section through the pivotal mounting of the disk
drive shown in Figure 1.

Figure 3 is a view similar to Figure 2 showing the pivotal
mounting with an angular displacement from the position shown
in Figure 2.

Figure 4 shows a perspective view of a rolling member used in
the embodiments of Figures 2 and 3.

Figure 5 shows an alternative pin which may be used in place
of the rolling member of Figure 4.

Figure 6 is a view similar to Figure 1 showing the use of the
pin of Figure 5.



bias force fromthe point of contact when the flexure is deforned so as to
oppose force of the flexure tending to return to the undefornmed condition.
WD 97/ 08688 . PCT/ GB96/ 02115 -6- The

i nvention al so provides a disk drive including an actuator arm assenbly and
a=nounting devige, said arm assenbly being pivotally nounted on the

nmount i ng devi ceOF 8% crent  about a pi vot axis and extendi ng RGY/GBop/Ls
direction away fromthe pivot axis and perperdi cular to the pivot axis,
said arm assenbly having a read/wite transducer nounted thereon and at

| east one rocker menber with a first abutnment facing in a second direction
transverse to IdgRReEaVd R 4t shove AEERTERE PEVaRlYy PPURRiNgs ¥high gay be
nmount i ng devi amsedori sty aepbdd imentanhiar Eddamdofgtheonglidhg penxbér awifs
and having a §Q§Q?g gbutnent facing said first abutment, said first and |
second abut ment ormfng a pair of abutnents one of which is curved, said
arm assenbly being nounted on said nounting device with said first abutnent
abutting saidrigeead 2BURRBNL62LABY €ALUsPrIMG astfordfhidh MY lddhdeved in
engagenent wth sa%d iéco ckiﬁﬁg:qgnt, said disk drive fu%ther conprising a
def or mabl e | &88 8% pFaTe & aPEnE 2EPERR i T e Zdded™Po®sai d mounti ng

Figure' 17 shows a view similar to Figure 1 of a modified

embodiment. in which the rocker assembly is provided in a
cartridge,

Figure 18 is a perspective view of the cartridge used in
Figure 17, '

Figure 19 shows a perspective view of one spring arrangement
similar to that used in Figure 2, and

Figure 20 shows a perspective view. of a modified spring
attachment arrangement which may be used with any of the
preceding embodiments of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the example of -Figures 1, 2, 3 and 4, the disk drive has a
rectangular housing or base plate 1 supporting a disk 2 with a
rotational axis 3. Fixed to the housing 1 is a pillar 4 with
two spaced abutments 5. Each abutment has a part circular
“abutment face and the two abutments are spaced axially apart
along a line parallel to the axis 3. A thin flexible plate 7
is attached along its two opposite edges extending parallel to
the axis 3, at one side to the pillar 4 and at the other side
to a region 8 of the rotary arm 9.

The head arm 2 has mounted on it a recordir'xg head 10 and a
voice coil 1l. The head arm 9 has a recess 12 in which is

‘located the rolling member 17.

The rolling member 17 shown in Figure 4 is in this example in



device and to said arm assenbly respectively to prevent novenent between
said arm assenbly and said nounting device other than pivotal novenent of
said actuator arm assenbly about the pivot axis, and a resilient bias

devi ce acting between said nounting device and said actuator arm assenbly
to apply a bias.force to urge said first abutnment into contact with said
second abut mentVO Y488y as devi ce appl ying said bias force t FOUGRAIGi nt
of contact between said first and second &but nents when the flexure plate
is not defornmed but offsetting the bias force fromthe point of contact
when the flexyre plate_is deforned so .as.to ose.force of the flexyr
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contact points on said unting.device apd saj d actuator, arm assenbly

wher ei n sai d S5HRLE: 1508 tgs:fsi g‘BneﬁgFT‘&%"%aijs‘?‘Pﬁg $45% suieis dieqrghhi o bhe

cont act bet wedidet hcenottest from the two spaced abutments 18. The rolling
surface 19 engages in rolling engagement the lower surface of
the recess 12 in the arm 9. The two abutments 18 engage

respective abutments 5 on the pillar 4.

As shown in Figures 2 and 3, a spring 21 shaped similar to a
letter C contacts a radiused surface 22 of the arm 9 and a
similar radiused surface 23 of pillar 4. The spring is formed
to exert an inward force on the arm 92 keeping the rolling
member 17 held closely in abutment with both the pillar 4 and
the base of the recess 12 in the arm. E;igure 2 shows that the
spring 21 is formed with small flats 24 which are parallel
when in contact with the radiused surfaces 22 and 23. When
the angle of the arm 9 is such that the flexible plate 7 is in
its unstressed flat form, the position of the radiused
surfaces 22 and 23 are such that the line of action 25 exerted
by the spring 21 passes directly through the points - of
abutment between the rocker member 17 both at its abutments 18
and its rolling surface 19.

The provision of the rocking member 17 with its rolling
surface 19 engaging the arm 9 as well as the rolling contact
with the abutments 5 avoids any slip between the abutting
surfaces as the pivot arm rotates and flexes the plate 7.

An alternative to the arrangement shown in the Figures 1, 2, 3
and 4 is illustrated in Figures 5 and 6. In this case the
rocking member 17 of Figure 4 is replaced by the ;}in 17 shown
-in Figure 5. Similar parté have been marked with similar
reference numerals. In this case the rolling surface 19 has
been replaced by a groove 19 which extends axially along the



and second abutnents when the flexure is not defornmed but arranged to
rotate on pivotal novement of the armso that an offset fromthe point of
contact between the abutnment surfaces increases the turning nonment applied
by the resilient bias device to oppose increasing restoration force of the
fd exure as pivot novenent of the arm occurs. The invention in%

rocker cartri dJ¥OPH88 actuator arm assenbly; said cartridge ?f?zﬂbs a
mounti ng devi ce; rocker nenber, bias devid® &nd flexure plate as aforesaid.
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and 3. Figur n alternative pin %Feuse I n place of the
rol i ng menbekhis ¢RI SEWPrispghye sp3ced aﬂa&ﬁ ElAF ahument sRrdase8nowni ng
the use of the pin of Figure 5. WD 97/ 08688

PCT/ GB96/ 0211§n use, the arm assembly will rotate throuqh a limited angular
displacement as the abutments 18 roll around the abutments 5
on the pillar 4 thereby permitting the head 10 to move across
the disk 2. During this movement the flexure plate 7 will
deflect as shown in Figure 3 but due to the rolling contact of
surface 19 on the arm 9 (or the hinge movement of projection
16 in groove 18 of Figure 6) 'the flexing of the plate 7 is
accommodated without causing any slipping between the abutting
surfaces of the arm 9, pillar 4 and intermediate menmber 17.
It is preferred that the curvature and dimensions of the
intermediate member 17 are such as to permit pivoting or
rolling movement between the member 17 and the arm 9 at
approximately +the centre of curvature of the rolling
engagement between the member 17 and the pillar 4. In the
case of the example shown in Figure 6 the knife edge 16 is
located at the centre of curvature of the curved abutment
faces 18 of the pin 17.

Alternative embodiments of the movable mounting used in place
of the member 17 shown in Figures 4 and 5 are illustrated in .
Figures 7 to 14. In Figure 7 the member 17 consists of a
semi-circular device engaging a rounded point on the arm.
Pigure 8 is an arrangement similar to that of Figure 6.
Figure 8a shows the inverse of Figure 8 where the intermediate
member 17 has a pointed knife edge engaging a wide angled
. recess ‘in the arm 9 and a part circular wall engaging the
pillar 4. Figure 9 shows a cylindrical pin 17 mounted on two
needle rollers within a circular recess in the arm. In Figure
10 a half-circular member 17 is connected to the arm 9 by a
flexible plate. In Figure 11 the half-circular _device 17
engages the arm through a part-circular projection on the flat
face of the member 17. The arrangement shown in Figure 12 is



-8- Figures 7 to 14 show different novabl e nountings which may be used in
other enbodi nents in place of the rolling nmenber of Figure 4, Figures 15
and 16 show the spring action which is achieved in use of the enbodi nent of
Figures 1, 2, 3 and 6, Figure 17 shows a view simlar to Figure 1 of a
nmodi fi ed enbodi n§nt In which the rocker assenbly is provided in a
cartridge, Fi gu‘iy e s WY perspective view of the cartridge uggwmf'ﬁu_re
17, Figure 19 shows a perspective view of ona spring arrangenent simlar to
that used in Figure 2, and Figure 20 shows a perspective view of a nodified
spring attachnent arrangenent which nay be used with any of the preceding
enbodi nents of EABIIFN e okhabERRI FligUNeOr4 THE IPREFERRED ENBOBhENTSVable

}1 he exanpl ebof ﬁbﬂﬂtmgl 1is2,achisvedt, b_yheagilaheﬁfiye dm_lacélesiéanB &E_ 17d
ousi ng or base upportin | Wi .rotational axis_3._Fixe
to the housing Tgéug{%d p?ﬁlg‘pgju\?\nfg%ﬁgg \‘dﬁﬂigﬁﬁﬁeﬁﬁ%ﬁq@nﬁe 250 Heh BuFhEHe
has’a part circltakhabuenesr Yhcks ahinearly vbistlaceshle and dpacounested |50
apart along a | tHe Ramaldyelticd dpcadi Blexure tPidtdd.eXitldh AL ehdsd Sallows
attached along its twot%o 05|tet§dggs exteg?ln ptrallel tq the_axis 3, at
one side to the™BVFRER Fet “Oftc “SVHEF d%’iho gt Sn 18 5f MARREY GYhRSh
arm 9. The headappreRinatesmhonpdyotali moxemenbrathont Hiwl cedhitardof curvature
of the abutment engaging the pillar 4.

In considering the +turning moment required to bend the
flexible plate 7 during angular displacement of the arm, it is
necessary that no unacceptable demand should be made on the
servo controller controlling the arm. When the position is in
the unstressed state as shown in Figure 2, the flexible plate
is its natural and undeflected condition and the 1line of
action 25 of the foxrce exerted by the spring 21 passes
directly through the points of abutment between surface 19 and
the abutments 18. It follows that in this position the spring
21 exerts no turning moment on the arm 9. Since the flexible
plate is in its unstressed shape with the arm in this position
it also exerts no turning moment so that there is no net
turning moment on the arm. Figure 3 shows the same elements
but with the pivot rotated so that the head is located nearer
the outer edge of the disk 2 and the flexible plate is now
substantially bent and therefore stressed. In this position
the line of action 26 of the spring force has moved. The
point of contact 27 which is the centre of rotation and the
point of support of the arm has also moved but to a lesser
~extent. The spring 21 therefore exerts a clockwise turning
moment about the point of contact and support 27 of the arm 9,
the length of the effective lever arm is the distance 29
between the line of action 26 of the spring force and the
point of cdntact 27, The magnitude of the force exerted by
the spring 21 is determined by the fact that for correct
operation of the pivot the force has to be sufficient to
overcome the dynamic forces applied to the arm 9 by the voice
coil 11. However for this predetermined spring <force it



voice coil 11. The head arm9 has a recess 12 in which is |located the
ralling menber 17. The rolling nmenber 17 shown in Figure 4 is in this
exanple in WO 97/ 08688 ' '

PCT/ GB96/ 02115 -9- the formof a relatively thick substantially rectangul ar

pkate having t ced part circular abutnments 18 separated b
regi on 20 thrO\SSYﬁ the flexible plate 7 passes. The plate #&%?ﬁ
as reasonably fills the extent of the cut awag portion 20 whil st not

obstructing or cont acting the nmenber 17. The rolling rrerrber 17 has a part

circular rolling surface 19 at its tl extendlq%%long axi al ‘%éh on
the side renote r°cY|ﬁst Fesenblepheeady th 29 °|fo|tP‘Pnﬁ §%ﬁ1l"’a hyer
engages in roll iaxmp ebhgagdvent stisetdnbial scareeld arfionheof ethss thizningt fmnfanu

9. The two abuti[;%g;& 18,£ngage % tme t pi.l :

shown in Figures 3 §a Spri %ﬁgfﬁi ‘S:J%lﬂg I m Iqal? ?gﬁ@r h'Eebt :é cont aéﬁ
a radi used surfsamcellatione emigsmaca of nrradiused|i suetrans ﬁé’c@@?’%’f from
pillar 4. The spiHeng ﬁlscefdormthenexest afb_l aABiu e, C€ QEF!IP& ary 9 and 16

4°and The base cIURIEAEE bb%, Fhe) ixBascy, 8 éb BB B LRt 1 rr e
21 is fornmed w tieraeal 25flém% Zhemmmtarefpabautmentm%h cancde achanged by
the radi used surfiaea§nd? thed diktanbbeBetween radiused surfaces 22 and 23 and
fixed abutment 5. It will be clear that the length 29 which
is greater in Figure 16 than in Figure 15 can be adjusted
without limit by changing the distances between the radiused
surfaces 22 and 23 and fixed abutment 5. In order to cancel
the turning moment of the flexible plate, the mathemétigall
product of the spring force and the length 29 at any angle of
the arm 9 should be egual to the bending moment required to
bend the flexure plate to the same angle. Distance 29 is
approximately proportional to the angle of +the arm.
Consequently the turning moment will increase in proportion to
the angle of the arm from the inner arm position. The turning
moment exerted by the flexure also increases in proportion to
the angle of the arm, so if the turning moments are made equal
and opposite at any one angle, then they will remain'equal or
nearly so at all arm positions. It is for this reason
possible to approximately cancel the turning moments at all
angles of the arm 9. By the same method it is possible to
cancel additional turning moments that may be acting on the
head arm such as viscous drag betweéen the head and disk or the
bending of a flexible cable attached to the head arm.

The rocker assembly for the actuator arm may be provided in a
cartridge as shown in Figures 17 and 18. The cartridge
assembly is formed as a separate unit 30 as shown in Figure 18
and in this example is of generally cylindrical form. It is
arranged to be a close fit in a circular aperture 33 in -the
actuator arm 9. Similar reference numerals have been used in
Figur_es 17 and 18 as were used for corresponding parts of the:
embodiméht_s shown in earlier Figures. The cartridge 30 has a



the angle of the arm9 is such that the flexible plate 7 is inits
unstressed flat form the position of the radiused surfaces 22 and 23 are
such that the line of action 25 exerted by the spring 21 passes directly.
t hrough the points of abutnment between the rocker nenber 17 both at its

abutnments 18 and its rolling surface 19. The provision of the r%ﬁ,ﬂ'&gg
menber 17 wi WP9%8E8 ol | ing surface 19 engagi ng the arm 9 B t he

rolling contact with the abutments 5 avoids &hy~slip between the abutting -
surfaces as the pivot armrotates and flexes the plate 7. An alternative to

t he arrangenent shgown.in the Eiqures 2, 4154l ed |

Figures 5 and 6P23% 'cl"ﬁ'f”s‘i%’ésg"gﬁe n}edté:[ﬂ%g:’ge%glert 1#7&'0% #‘5%‘%]? 4g?é9n5t ?he
repl aced by thewdll BE sipemture PRgine the a3mid @Anddm fixede tseaptiadek ogth
with sinlar refgengs NUNBIRLsy 3bNphBkesCeffohiie €104 |0 o Uirtra thiiagded
been r.epl aced b% groove, 19 which extgnds axi_al ﬁ al o?ig th VO 97{__983__%%
PCT/ GB96/ 02115 e PR 27 ¥he i s3ftorfiRd 3% t K2 arf® ’u’Fee*p‘}eoj &&P on’ 1
whi ch engages i reditrigigeose ahathéhpi mrh7 Sarehd dvody Blhimnye deastberoms |the
Lhi s oase other Ag(l,QfedNe $heURLYTEr hCot! BhbataPbRldgd TN i) atthiisanits
5 on the pillar which 1 n this case conprise tw spaced, apart flat a
abut ment surf acezhe | hagge, 1 t BE MEAFss@RbIY FFFEY  GPat B odFh BPUSSR « 4%

angul ar counterbored hole 35 in the pillar 4 and screwed into the base
1. In this way the cartridge is secured to the base 1 with
the pillar 4 held in a fixed position relative to the base 1.
A part-circular retainer 32 forms a housing around the side of
the cartridge remote from the body 31 and the body 31 and
retainer 32 mate together to form a cylindrical cartridge
fitting closely within the aperture 33. Both the body 31 and
retainer 32 have shoulders 37 formed by a projecting flange at
the lower end of the cartridge. Together they form a
continuous shoulder which is close to the base 1 and a well
defined distance from it. The lower surface of the arm 9 is
biased onto contact with the shoulder 37 when assembled to
ensure that the distance between the arm 9 and the base 1 is
accurately defined. The spring 21 engages part-circular
projections 22 and 23 in a manner similar to that already
described with reference to earlier Figures. '

Tt will be appreciated that the cartridge is formed as a
separate unit in which the bedy 31 and retainer 32 are secured
together to form a single unit which may be formed separately
and located in position in the aperture 33 in the arm 9 when
required.

The spring 21 described in the previous examples may be
attached to the pillar 4 and to the arm ¢ or bedy 31 by
various methods. In an arrangement of the type shown in
Figure 19, the spring 21 has flat contact areas 24 as shown 1n
Figure 2, which are parallel to each other so that the spr:_i.nq
is held in pbsitién by gripping the members located between
the ends of the spring without any force tending to move the



di spl acenent as the abutnments 18 roll around the abutnents 5 on the pillar
4 thereby permtting the head 10 to nove across the disk 2. During this
novenent the flexure plate 7 will deflect as shown in Figure 3 but due to
the rolling contact of surface 19 on the arm9 (or the hinge novenent of

projection 16 in oove 18 of Figure.6) the flexing of the plat i
acconnodat ed wWﬁ’gﬂ 8using any slipping between the abutti njﬁ?{f?ﬁ’g@z&y of
the arm9, pillar 4 and internmediate nenber4 1=. It is preferred that the
curvature and di mensions of the internedi ate nmenber 17 are such as to

permt pivotin Fal 1i ng, novenent enth rrenber 7_and.the arm
appr oxi mat el y 8 %F-'I"ré‘-’I (fé'ﬂ?‘rgtso?mﬁ!ﬁvg Nfe SYIRRE 8r’b1g§§§m§ﬁrmg

between the mprievents axdeshivei Iniomemént lim thedc-asetmnt ko cshenprighthoan
in Figure 6 thed %”' in® ¥ %&?Flé I S gheal %‘i’:ﬂhg&h%asve'%r Efdﬁneau'if)i%hurﬁmﬁfrdwe

curved abutnment taces 1 the pin 17 nb%‘i?rn tive enbodi nents, of

novabl e mount |h?@tus1é‘hb§ nap| Jagkef 13k A3 FRUR8 W2 nS®i &5 e§°4p§ﬁ?fe§t
are illustrat ekcessEirgumesenento d#. thensprgnge i mhdeftwvhedsldicestionsasf
a sem - C|rcul Visce ﬁg‘?égl g a rounded point on the arm Figure 8 is an
arrangement sim ﬁ% &ﬁ F% c?? Figure 6. Figure 8a shows the inverse of
Figure 8 where the internedi ate nenber 17 has a pointed knife edge engagi ng
a w de angl ed anecassermative amgtRodnchbfi atthcbment| af vva:lhle esgn:g'ng]g 2aheis

pil'lar 4. Figys ﬁs%rﬁég 1A Pibhedrixeal Riisl’s rP‘[meJ o4 0 a\eﬁapge naging

rollers wWithin circu rece§s in'the arm clrcul af
menber 17 is ct@ﬁ;ngeg:gdc%gcugﬁ; (ngjgcg);o& 23 and it w111 be understood at

a similar arrangement will be used on the other part-circular
projection 22 shown in earlier Figures.

In this arrangement the two ends . of ‘the spring will be
similarly arranged with a flexure of thin flat material 40
having three parallel legs. The central leg 42 is inserted
between sﬁring 21 and the radiussed surface 23 or 22 and is
attached to -spring 21 at this position. The outer legs of the
flexure 40 are attached to the radiussed surface 23 or 22 as
indicated by fixing means at the positions indicated by
crosses. A flexure of this form give a very stable position
for the spring 21 and results in a more constant and stable
épring force. Such improved stability of the spring force
makes it possible to cancel the turning moment of the flexible
plate 7 and so a pivot for the actuator arm can be made with a
very small turning moment. '

In the above examples the regions 24 of the spring 21 have
been referred to as flats. While they may -be flat or
substantially flat, it is preferred that they have a slight
curvature of large radius relative to the curvature of the
spring 21 in order to increase self positioning of the spring.



flexible plate. In Figure 11 the half-circul ar device 17 engages the arm

through a part-circular projection o the nmenber 17. The
arrangenent shown in Figure 12 is IRIS BHEEB &

PCT/ GB96/ 02115 - 11 - sinmilar to thdt ofREFiIARRDe 4.1 In Figure 13 the
nmovabl e nmount i %i s achieved by a |ineartydisSpl aceabl e nenbe &B yﬂtsed
on two needl e ™MPPEBE8:gaging the arm 9. In Fi gure—%&—he—n@ﬂ—l—s :

| inearly displaceable and is connected to-ths arm by two spaced fl exur

_ e
plates. Each of these allows novenent between the deW as cedrm 9
i n a manner which approxi mates to pivotal novenent abo ll ﬂ E}f

curvature of t ‘ment engaging the pillar 4. In co ur ni ng

nmonent required to bend the flexible plate 7 during angul ar displ acenent of

the arm it is pecessary t n cRAt 20! SRl 0 ga% t
servo.controll e?' co _t‘fio% é%k't g.ng:rﬂ%ﬁﬁﬁﬁe%?t _ce posit ia?%‘ igsggfn %' e . h ,Aﬁ
unstressed st atmowntinigowdeVAcei gere Whighe spidy; pFR MAsferbly | d8 nRiYREALLY

and undef | ect edpgemelid iF0r aBYehbft | dbsutofa pdvoenabspf the force exerted by
e o 09 22 Pl b et s b ek A ELAE By i
spring 21 exerts fitrstuahutgenSaent on the arm 9. Since the flexible plate
is in its unstressedssiRdulitiig! Bevaed EompFiings igidlar member extending
along said pivot axis and having a second abutment,
said first and second abutments forming a pair of
abutments at least one of which is curved,
said arm assembly being mounted on said mounting device
with said first abutment abutting said second abutment along
said pivot axis and in rolling engagement with said second
abutment, _
and said disk drive further comprising a resilient bias
device acting between said mounting device and said actuator
arm assembly to urge said first abutment into contact with
said second abutment, and a flexible restraining member
secured both to said mounting device and to said arm assembly
to prevent movement of. said rocker member in a direction
perpendicular to said pivot axis while permitting pivotal
movement of said actuator arm assembly about said pivet axis,
at least one of said abutments being mounted on a movable
mounting to prevent sliding movement between said first and
second abutments during flexing of said restraining member.

2. A disk drive including an actuator arm assembly and a
mounting device, said arm assembly being pivotally mounted on
the mounting device for movement about a pivot axis and
extending in a first direction away from the pivot axis and
perpendicular to the pivot axis,

said arm assembly having at least one rocker member with
a first abutment facing in a second direction transverse to
both said first direction and said pivot axis,,

said mounting device comprising a pillar member extending
along said pivot axis and having at least one second abutment

* c L L S *



it also exerts no turning nonent so that there is no net turning nonent on
the arm Figure 3 shows the sane elenents but wwth the pivot rotated so
that the head is |ocated nearer the outer edge of the disk 2 and the
flexible plate is now substantially bent and therefore stressed. 1In this

position the line of action 26 of the spring force has noved. Th ' { of
contact 27 whi cWOPP¥08B% centre of rotation and the point of sﬁﬁﬁ&l’?@i
arm has al so noved but to a | esser extentT ¥fe” spring 21 therefore exerts a
cl ockwi se turning nonent about the point of contact and support 27 of t he

arm9, the |engll;q LQEaeéééx&I_f \fenlHR¥EhbatRene, t he ‘di stance 29 between the
line of action 26 o gg gg fo(_lgce and th%?%% I nt , of gont act 27. __The
magni t ude of the foFE exerFEH bIPT hee GG g PPEPETLRt oFRFRERE byP t PR Hac Pt
that for correcbutpentsi oneodf twleigh st cukvedprce has to be suff|C| ent -to

overcone the dynam r t
However for this g Ege% gri‘ma&r%# g' r%%lfe ﬂo?g%e{a.%’ 61‘1"%\/%17&9(73&1&%1&9 Yevice

PCT/ GB96/ 02115 withy Salﬂr &HEStHARUERERt (FPURRiNG: spHd serghd 2‘9“‘6?9’&18“"9 a
effective | everllafgnjia:ra@lm Sstbssait piveorncetisit and dn thelXinoni engagement

exerted by theghd:%x QES gggagd ?d&cﬁ;g;ger to achieve this cancell atlon t he
2

di stance of ra SurTaces fromthe fixed abutnent %
adj ust ed. Fi gur es ands sagdgy digk drive further compr:.s:.ng a res:.l:.ent ias

device acting between said mounting device and said actuator
arm assembly to urge said first abutment into contact with
said second abutment, and a flexible restraining member
secured both to said mounting device and to said arm assembly
to prevent movement of said rocker member in a direction
perpendicular to said pivot axis while permitting pivotal
movement of said actuator arm assembly about said pivot axis,
at least one of said abutments being mounted on a movable
mounting to prevent sliding movement between said first and
second abutments during flexing of said restraining member.

3. A disk drive including an actuator arm assembly and a
mounting device, said arm assembly being pivotally mounted on
the mounting device for movement about a pivot axis and
extending in a first direction away from the pivot axis and
perpendicular to the pivot axis,

said arm assembly having a read/write transducer mounted
thereon and at least one rocker member with a first abutment
facing in a second direction transverse to both said .first
direction and to said pivot axis,

said mounting device comprising a pillar member extending
along said pivot axis and having a second abutment facing said
first abutment,

said first and second abutments forming a pair of
abutments one of which is curved, '

said arm assembly being mounted on said mounting device
with said first abutment abutting said second abutment along
said pivot axis and in rolling engagement with said second
abutment,

NAR A



il lustrate how the di stance 29 between the line of the spring force 26 and
the point of abutnent 27 can be changed by altering the di stance between
radi used surfaces 22 and 23 and fixed abutnent 5. It will be clear that the
|l ength 29 which is greater in Figure 16 than in Figure 15 can be adjusted

without Iimt by chanq%iang t he di stances between the radi used surfac‘@%lgz
and 23 and fi xXP¥¥6¥ent 5. In order to cancel the turning o he

flexible plate, the mathemati cal product- @ the spring force and the length
29 at any angle of the arm9 should be equal to the bending nonent required
to bend the flexure plate to the same angle. Distance 29 is approximtely
proportional to said digke dwive t ffurthem comkfiia | ¢ t Fesilienthg bdfent
Wil incr e_?_ﬁedé'ﬂd& O iirigO betirelee s;arm Qntﬁinﬁi{il@ a¥eifceO raridh esd i edctarator
posi tion. e turnin mept exerte S cr Sl
propottion t PThe®ERGME%Hf ?hé’rgfms??i f%lf#e ?é‘#ﬁﬁ%’é’i ngﬁ{éﬁt s?%g?%aﬁagléth
equal and oppsssid e secondy Jprtmenit.e, andenat hElexure mdaden aceredr adORd v

so at all asgpdMite | eAges td daid OmouhBifig r@Rse pPanai bte t€aid arm
approxi mat el y ‘cangel

the turning. mogents at all I e ar t he
same nethod i3%% ssfﬁ%ecft&vfgﬁ'ceggatﬁfiet%fgﬁalm q'[t}arq“rﬁ% ?l:goén%én%n s %g‘? r%'-m be
acting on theassamblar mnducieids mpunddng dexdcpeptben thanhaivehald BrvS®
the Prglndi ][19 051.;1 agd{®xddhRtedlagmildodelndyt abblit Bedd pivet Hikid,0aterleast
assenbly for the agtuator_arm e Nrovj in a car in
Figures 17 Sy ° 8.sa1°?:h%.bu%eiq}a%/sl (t}bee sné‘%%&ye 4 s?%f ot n’ééi‘_;a}g%a ng':’é"nétl"rs'L gg\g%t?nit
30 as shown iprevent e sildding | movepsntxahpteeen osaibnefirsty @nd ndgcend

form It isS agputments during flexing of said flexure plate.

4. A disk drive according to claim 1 in which séid movable
mounting of one of said abutments comprises a pivotal mounting
to permit pivotal movement.

5. A disk drive according to claim 1 in which said movable
mounting of one of said abutments comprises a rolling mounting
to permit rolling movement.

6. A disk drive according to claim 5 in which said one
abutment mounted on a movable mounting comprises a rocking
member extending parallel to the pivot axis of the arm, said
member having at least one abutment face for rocking contact
with the other abutment and a roller surface opposite said one
abutment face and forming part of said movable mounting.

7. A disk drive according to claim 6 in which the rocking
member has two abutment faces spaced apart in a direction
parallelk to the pivot axisd of the arm and facing said other
abutment.

8. A disk drive according to claim 7 in which said rocking
member is cut away to provide a flat between said two abutment
faces, said flat accommodating said flexible restraining
member.

I —————
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arranged to be a close fit in a circular aperture 33 in the actuator arm 9.
Simlar reference nunerals have been used in Figures 17 and 18 as were used
for corresponding parts of the enbodi nents shown in earlier Figures. The
cartridge 30 has a WO 97/ 08688

RCT/ GB96/ 02115 - 13 - part-circul ar body menber 31 that fits ¢l

agai nst the vvaIWO(?F"’%Fﬁgrture 33 inthe arm9 and is fixed to ﬁ’gg]ﬁi’é&%l%
the arm A screw 39 passes through the ar@9=into a threaded hole 38 in the
body 31 so as to secure the armto the cartridge so that the arm 9 and body

31 nove toget 2% éﬁﬁbaégl&é’tgézfe&di%% Istlg_adrvw ﬁf f&{tgaf@%&ﬂaﬁﬁe

attached to t y neans 0 ouse
count er bor ed nwr@tmg i pompreigns | ar tWoamerdc riRge | ﬁ?ﬁn?‘ﬁeblba% kPlan &96%

way the cartrpfgfedtticre@taed hating Paseasl With the pillar 4 held in a
fixed position relative to the base 1. A part-circular retainer 32 forns a

housi ng around the side of the cartrldge remote fromthe body 31 and the
body 31 and reoai rferd gk ndtrive ogecdmrting toorehainyl i buir wbich cehe r figpeible

fitting cl osekxﬁ%mﬁgt hReRBEE t Woip3dseBOth) FExhaAdlY p&%ténchécﬁka&nedlcﬁﬁ;

have shoul der's or me roj,ecting,flange at the . | ower he
cartridge. ’g‘ﬁ%% %P S AREoFEVERBuIARE SR %711 18%%01{

t he base 1 andm ams‘.émhieif mespedtsvalm-e fromit. 'The | ower surface of the
arm9 is

11. A disk drive according to claim 10 in which said first
abutment comprises two abutment surfaces spaced apart fronm
‘each other in a direction along said 'pivot axis and said
flexure plate extends between said abutment surfaces.

12. A disk drive including 'an actuator arm assembly and a
mounting device on which said arm assembly is pivotally
mounted for movement about a pivot axis,

said arm assembly having at least one rocker member with
a first abutment,

said mounting device comprising a pillar member extending
along said pivot axis and having a second abutment,

said first and second abutments forming a pair of
abutments at least one of which is curved,

said arm assembly being mounted on said mounting device
with said firt abutment abutting said second abutment along
said pivot axis and in rolling engagement with said second
abutment, )

said disk drive further comprising a deformable flexure
secured both to said mounting device and to said arm assembly
to prevent movement ‘of said rocker member in a direction
perpendicular to said pivot axis while deforming to permit
pivotal movement of said actuator arm assembly about said
pivot axis, and a resilient bias device acting between said
mounting device and said actuator arm assembly to apply a bias
force to urge said first abutment into contact with said
second abutment, said bias device applying said bias force
through a point of contact between said first and second

MR O A



bi ased onto contact with the shoul der 37 when assenbled to ensure that the
di stance between the arm9 and the base 1 is accurately defined. The
spring 21 -engages part-circular projections 22 and 23 in a nmanner
simlar to that already described with reference to earlier Figures. It

will be appreci t the cartridge is fornmed as a separate _unit in

whi ch t he body @égwet ai ner 32 are secured together to for 15
unit which may be forned separately and | otat®d-in position in the aperture
33 in the arm9 when required. The spring 21 described in the previous

exanpl es may be ached tp th illar 4 and to the.arm9 or bod 1.b

vari ous net hods.a%jt&?ﬁngﬁnwg?? aﬁﬁgn&ﬁmﬁﬁe the ?%)eggﬁ%%qurp‘ﬁ (ﬁﬁ%e%g,méhghe
spring 21 has fbimscofrrers £rems the apobfmowefi ncphtace RKhenhithie afkexure is
parall el to eaclie?bbfeasd hat e spposw irorbe! dof N th@Si #1 QMY Sidid Ito
t he menbers Ioc%%%grgeLsgﬁgﬁﬁheqe%q%egfcgggiéfgﬂpg wi t hout any force

tending to nove
PCT/ GB96/ 02115 - 14 - spring fromits proper |ocation. The curvature of the

SPr.i ng’ prevent s 1gxcegsidSTOYEIF! 1h81a g eah! %Aﬂgwe aﬁingmssaeﬁnbi Tadd! a
Figure 2. These s rlngs rra¥_be forpred wth |nvvardln¥ bent tabs_as marked at
43 in Figure 19 “?g“‘&% Bodpritent SBXL cATH RSHEURIE NPT t PValily g moHnked on
| ef twards directthen meunting device for movement about a pivot axis and
extending in a first direction away from the pivot axis and
perpendicular to the pivot axis, .
' said arm assembly having at least one rocker member with
a first abutment facing in a second direction transverse to
both said first direction and said pivot axis,
said mounting device comprising a pillar member extending
along said pivot axis and having at least one second abutment
facing said rocker member abutment,

said first and second abutments forming a pair of
abutments one of which is curved,

said arm assembly being mounted on said mounting device
with said first abutment abutting said second abutment along a
line parallel to said pivot axis and in rolling engagement
with said second abutment, )

said disk drive further comprising a deformable flexure
secured both to said mounting device and to said arm assembly
to prevent movement of said rocker member in a direction
perpendicular to said pivot axis while deforming to permit -
pivotal movement of said actuator arm assembly about said
pivot axis, and a resilient bias device acting between said
mounting device and said actuator arm assembly to apply a bias
force to urge said first abutment into contact with said
second abutment, said bias device applying said bias force
through a point of contact between said first and second
abutments when the flexure is not deformed but offsetting the
bias force from the point of contact when the flexure is
deformed so as to oppose force of the flexure tending to
return to the undeformed condition.
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shown in Figure 2. An alternative nethod of attachnent of the spring 21
Is illustrated in Figure 20. This spring 21 is shown engagi ng the.
part-circular projection 23 and it will be understood that a sinilar
arrangenment will be used on the other part-circular projection 22 shown in
earlier Figures. In this arrangenent the two ends of the

be simlarly ar™hYO88%i th a flexure of thin flat material %l\#
parallel legs. The central |leg 42 is inser2e&d- between spri ng 21 and the
radi ussed surface 23 or 22 and is attached to spring 21 at this position.

The outer |egs of the flexure 40 ,ar {tached to the radi ussed rfac
or 22 as indi ddted®pyPisk A HRaAEC Pg{“h% BBsiAS %Hﬁ‘§°Fncﬁ?at%%s%n%i roslg%sg A

fl exure of thimountimggidericeyesnidt abineapssnbiwrpéing tpivalnlilyy n@lmﬁﬁé on
results in a mye 4o03 fx?% %ﬂeabksrsmmeker Cﬂboutsuceh F@B@V%kls and

stability of t Y spring rce kes It possible to _canc
nonent of the EXtERRARG dhatde Fi Fﬁ'd §b'%gf|:ﬁ%ta“ﬁ¥ trRm aE]P%anY b ﬁ?‘i‘:gnaﬂe
made Wi th a vejarpemalitularntah®pvot krishe above exanpl es the regions 24

ot ™ot o AR, SRR T opab e 3 rhhE e ki tcnte
curvature of I"ﬁﬁj‘é@‘a@@@s ate| knaste e tFREKAN m s%r‘i gaﬂ’t?“ﬁ t
order to increagingel in pasiddcandngivedtiens priangverse to .both said first
direction and to said pivot axis, '
said mounting device comprising a pillar member extending
along said pivot axis and having a second abutment facing said
first abutment,
sai@ first and second abutments forming a pair of
abutments one of which is curved,
said arm assembly being mounted on said mounting device
with said first abutment abutting said second abutment along
said pivot axis and in rolling engagement with said second
abutment, said disk drive further comprising a deformable
flexure plate secured aiong opposite edges to said mounting
device and to said arm assembly respectively to prevent
movement between said arm assembly and said mounting device
other than pivotal movement of said actuator arm assembly
about the pivot axis, and a resilient bias device acting
between said mounting device and said actuator arm assembly to
apply a bias force to urge said first abutment into contact
with said second abutment, said bias device applying said bias
force through a point of contact between said first and second
abutments when <the flexure plate is not deformed: but
offsetting the bias force from the point of contact when the’
flexure plate is deformed so as to oppose force of the flexure
plate tending to ‘return to the undeformed condition.

-15. A disk drive according to claim 12 in which said first
abutment comiarises two abutment surfaces spaced apart from
each other in a direction along the pivot axis of the arm and
said flexure comprises a flexure plate secured along opposite
edges to the mounting device and to said actuator arm assenbly

* c L M ] *



WD 97/ 08688 - PCT/ GB95/ 02115 - 15-
GLAIMS: 1. A disk drive including an actuator arm assenbly and an arm
nounting device on which said arm assenbly is pivotally nounted for
novenent about a pivot axis, said arm assenbly having at | east one rocker

renber with a first abutment, said nounting device conprisin |
menber ext endi NP EVEM$ sai d pi vot axis and having a second agﬁﬁa‘&@#ﬁm@& d

first and second abutnents formng =a2ipair of abutnents at |east one
of which is curved, said armassenbly being nounted on said nounting device

with said first abutrret abut| I d second abut t ong said_pivo
axis and in rEPFReRFiH %"r‘?ﬁ } %b%tﬁ’@%t ab'éﬁhergrai ﬁgﬁ%(as -
drive furtherof osgid sﬁirrg;taabasnément bi as device acting between said
nmounting device and said actuator armassenbly to urge said first abutnent

t t act th d_abut t d f bl t
ocur o bot h 16 sdb d S (G VAcy PRESEAAT o € U adlonbl'y PALRF ovERE.

movenent of seesiYimkerbiesbalevigea id recraogeqberqgen%ﬂ:t:upar sadd smeenbingt

axis -while p&éﬂéé'Qﬂdpsxﬁaalaceeaeaienhrﬁf a%%bﬂb@frt w8t Qpp Qirmaa&ﬁﬁgﬂﬂof&é)u't

sai d pivot axis, | east ope of said abutrre r&ﬁe ggtounte m_g!p_vag%e

nount i ng, roc‘!@&{ﬂ“y PEB&F@ﬁsbﬁ%eﬁn‘fﬁﬁai‘ﬁn é't {Fe n ?I &P Henber,

to prevent slitchtactiobeteeen beaidefigsitd dnd sseqond abutments as the arm
pivots further to increase deformation of the deformable
flexure.

17. A disk drive device according to claim 12 wherein said
resilient bias device is arranged to engage respective contact
points on said mounting device and said actuator arm assembly
wherein said contact points lie on a line passing through said
.point of contact between the first and second abutments when
the flexure is not deformed but arranged to rotate on pivotal
movement of the arm so that an offset from the point of
contact between the abutment surfaces increases the turning
moment applied by the resilient bias device to oppose
increasing restoration force of the flexure as pivot movement
of the arm occurs.

18. A disk drive device according to claim 12 in which said
bias device comprises a resilient clip partially encircling
said mounting device and said actuator arm assembly so as to
urge the two towards each other.

19. A disk drive device according to claim 17 wherein said
points of contact comprise respective convex projections
arranged to pr'oj ect outwardly away from each other.

20. A disk drive according to claim 1 wherein said mounting
device, rocker member with a first abutment, resilient bias
device and flexible restraining member are formed as a
separate cartridge located in an aperture in the arm assembly.
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second abutnents during flexing of said restraining nenber. 2. A di sk
drive including an actuator arm assenbly and a nounting device, said arm
assenbly being pivotally nounted on the nounting device for novenent about
a pivot axis and extending in-a first direction away fromthe pivot axis
and perpendicular to the pivot axis, said armassenbly having at |east one
rocker menber WMOP7A8488; st abut ment facing in a second direct XS/ ERNIEIR, se
to both said first direction and said pivot aXis, said nounting device
conprising a pillar menber extending along said pivot axis and havi ng at

| east one second, abut prent . 97/ 08688 . .

PCT/ GB96/ 02115 -2Y6 -Af &8Fﬁ‘g’”¥§? drf’Sgﬁ’é'r AREFBRIY o S0 rcthe 318K Frves Aghpter
second abut ment sxmr nvinichn partrisigeabinaivdes ope befywinaskips e cengaganent
arm assenbly beipgyoant gdeRResAl HrfDWHd NKavitly &t WLbAsS Abte! ivotiedh uiaibelr

abutting said second abutnent along.a |ine rallel to said pi,vQt _axi s
in rolling engad&tght® \A'Ef'ﬁs'%a?la“ d AbUPWRERANS AW oc‘?ﬂp%}sgﬂgv@ piid
further conpri simaniser ediavilagt 8i asecend ccabutmeny besaddn §irst noand i rpcond

device and sali d_%ﬁe@:&rs HoBndaG CHObY 11 okl Sisutsitnit sl bEShealH! SROof Nitkich is
contact with sal g o N P LTl g "Caky! | XhOLS LS5 ANNYY TRORSinent, a
resilient bias device acting between said mounting device and
said body portion to urge said first abutment into contact
with said second abutment, and a flexible restraining member
secured both to said mounting device and to said body portion
to prevent movement of said rocker member in a direction
perpendicular to a pivot axis of the cartridge while
permitting pivotal movement about said axis, at least one of
said abutments being mounted on a movable mounting to prevent
sliding movement between said first and second abutments

during flexing of said restraining member.
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secured both to said nmounting device and to said arm assenbly to prevent
movenent of said rocker nmenber in a direction perpendicular to said pivot
axis while permtting pivotal novenent of said actuator arm assenbly about
said pivot axis, at |east one of said abutnments being nounted on a novable
mounting to prg losedg | di ng novenent between said first and second
abutments during flexing of said restraining nenber. 3. A FEHGBIA2LLS

i ncluding an actuator arm assenbly and a nounti ng device, said arm assenbly
being pivotally nounted on the nounting device for novenent about a pivot
axis and extending in a first direction_away fromthe pivot axis and

per pendi cul ar to the pivot axis, said aﬁﬁ1assenbly having a read/wite
transducer mounted thereon and at | east one rocker menber with a first
abutment facing in a second direction transverse to both said first
direction and to said pivot axis, said nounting device conprising a pillar .
menber extending al ong said pivot axis and having a second abut nent facing
said first abutnent, said first and second abutnents formng a pair of
abutments one of which is curved, said armassenbly being nounted on said
nounting device mFug daid first abutnent abutting said second abutnent

al ong said pivot axi's and in rolling engagenent with said second abut nent,
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WD 97/ 08688 : PCT/ GB96/ 02115 - 17 - said
di sk drive further conprising a resilient bias device acting between said
nount i ng device and said actuator arm assenbly to urge said first abutnent
into contact with said second abutnment, and a flexure plate secured al ong
opposi te edge g mounting device and to said arm asse :
rggpecti veI;g/ f%’@?@%ﬁt m)vemegt bet ween said arm assenbly g}gﬁhscgygozus
nount i ng devi ce other than pivotal novenment of said actuator arm assenbly

about said pivot axis, at |east one of said abutnents being nounted on a
novabl e mounting to prevent sliding novenent between said first and second

abutments during flexing of said flexure pl . 4. A di sk drive according
to claim1 in which said novabl e nounti ng of one of said abutnents
conprises a pivotal mounting to permt pivotal novenent. 5. A di sk drive
according to claim1 in which said novabl e nounting of one of said
abutments conprises a olling muMing to pernit rolling novenent. 6. A
di sk drive agg }

ng to clainq5 whi ch sai d one abutnenE.nDu ted on a
nmovabl e nounti ng conpri Ses.s i ng menber extendi ng par Mel%to the pi vot
axis of the arm Q&id » ng at |eagt one abutment face for rocking i
contact with the ot a rolfer surface opposite said one

abut nent face and vabl e nounting. 7. A7di sk driy

l
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menber has two abutnment faces spaced apart in a direction parallelk to the
pi vot axisd of the armand facing said other abutnent. 8. A disk drive
‘according to claim7 in which said rocking nmenber is cut away to provide a
flat between said two abutnment faces, said flat accomobdating said flexible
restraining g& 8653 WD 97/ 08688 -
PCT/ GB96/ 02115~ 138688 g A di sk drive according to clai m6PCHGRM21Sai d
novabl e nmounting conprises a two part hinge formed by a knife edge
projection and a mating recess. 10. A disk drive according to claim1l1 in
which the flexible restraining nmenber conprises a flexure plate secured

al ong opposite edges to said nounting dewfice and to said actuator arm
assenbly respectively. 11. A disk drive according to claim10 in which
said first abutnment conprises two abutnment surfaces spaced apart from each
other-in a direction along said pivot axis anggsaid flexuye plate extends
bet ween sai d abutnment surfaces. 12. di sk driyge includipg an actuator arm
assenbly and a nounting device Eﬂ ch said arvwaassendly is pivotally
mount ed for novenment about a pivot axis, §ai d QI gBSERQY Y having4at | east
one rocker member with 4
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a first abutnment, said nounting device conprising a pillar nenber extending
at ong said pivot axis and having a second abutnment, said first and

second abutnents formng a pair of abutnents at |east one of which is
curved, said arm assenbly being nounted on said nounting device with said
firt abutnent aaugbh&@hsaid second abutnent along said pivot axis and in
rolling engagenment W sai d second abutnent, said disk drivePCHGBA@2115
conprising a deformabl e flexure secured both to said nmounting device and to
said arm assenbly to prevent novenent of said rocker nmenber in a direction
perpendicul ar to said pivot axis while deformng to permt pivotal novenent
of said actuator arm assenbly about sai d4pi vot axis; and a resilient bias
devi ce acting between said nounting device and said actuator arm assenbly
to apply a bias force to urge said first abutnment into contact with said
second abutnent, said bias device applying said bias force through a point
of contact between said fiL:F- naﬁiecond WD 97/ 08688

PCT/ GB96/ 02115 - 19 - abut n!& n the flexgge is not deforned but

of fsefting the bias force fromthe popnt of centact when the flexure is
defornmed so as to oppose force of the i
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return to the undefornmed condition. 13. A disk drive including an actuator
arm assenbly and a nounting device, said armassenbly being pivotally
nount ed on the nounting device for novenent about a pivot axis and
extending in a first direction away fromthe pivot axis and perpendi cul ar
to the pivot axy§orgiksl arm assenbly having at |east one rocker nenber with
a first abutnment ?aCIng in a second direction transverse to bBEHCBYRILS st
direction and said pivot axis, said nounting device conprising a pillar
menber extending al ong said pivot axis and having at | east one second
abut nent facing said rocker nenber abutne@: said first and second
abutnments formng a pair of abutnents one é? whi ch is curved, said arm
assenbly being nounted on sai.d mounting device with said first abutnent
abutting said sF?g@ﬁkzbutnent along a line pargllel to said pgivot axis and
e

in rolling engag wi th said second abutmepnt, said di sk ive furpher
conprising a deformabl e flexure secured both Yo saidfnounti yg device and to
sai:d arm assenbly to prevent novenent of sai T\JTE {rection
per.pendi cul ar to said pivot axi Sfwhil eform g to pengit pivotal{ novgnent
of said actuator arm asse y ab said pivot axi —a.resiliept biys
devi ce acting between said unt JX0g d¢Vi%§ and sg N M agsenb) y
to apply a bias force tQ ur spi ANf frst Jabut men w th sayd
second abutnent, said as devi app! yi aog sai
1 _
S
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t hrough a point of contact between said first and second abutnments when the
flexure is not deforned but offsetting the bias force fromthe point of
contact when the flexure is deformed so as to oppose force of the flexure
tending to return to the undeformed condition. WD 97/ 08688

PCT/ GB96/ 02115 %Eg 14. A disk drive including an actuator arn1assenb|y
and a nount i ngw&)esv{ 8 said arm assenbly bei ng pivotal |y mouRCGHFRSAOIR
nount i ng device for novenent about a pivot axis and extending in a first
direction away fromthe pivot axis and perpendicular to the pivot axis,
said arm assenbly having a read/wite tggnsducer nounted thereon and at

| east one rocker nmenber with a first abti®nent facing in a second direction
transverse to both said first direction and to said pivot axis, said
nmounti ng device conpris'mg;lqﬂllar menber. extending along said pivot axis
and having a second abu acing said first abutment, said first and
second abutnents formng a pair of abutnents one of which is curved, said
arm assenbl y being nounted on said nmounting d#ice with said first abutnent
abutting sai d second abutment along said pivft axiy#3and in rolling
engagement wth salgasecond
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abutment, said disk drive further conpri:sing-a deformable erxure pI ate
secured aI ong opposite edges to said mounting devi ce and to said arm.
assenbl y red20e14868 y to prevent novenent between- sai d arme am%l(‘and
8ai d mounting device other than pivotal venent of said actuator arm
assenbly about the pivot axis, and a resflTent bias device acting between
sai d nounting device -and said actuator-armassenbly to apply a bi as force

to urge saj i rst ' ' coptact _wi second _ahut. S |d
bi as devi éélgppls&/ecogpcg {%q%‘?’%%;?br c%nﬁhr %ugkas§gggﬁt §fS % RERH be .
sai d firstsemudesiedorth abat s8hds meuevt inge ddwbae eampd ate saldoardxefacs"smdﬂlyut

off'se_ttin 'th ' fo. | ; a n RlAt e
1s deforne grgbéﬁt IElgg(gﬂzeléﬁﬁnrce o1|‘[gatl'ﬁi ?‘foec%%?'temﬁkmpggte IEI ng to returd?lltto
t he undef memmltaqrontowsa;\dduskveﬁ vaxiecorkit ¥y tremtiditiney ipdvahadh

sai d fi r styoRlaeiRN o £05PLd seéta&eoeblatrﬂerassemlgpeébéeeceglapaabof:r QRigach
other in a direction al on% t he, |vot axis of thée armand said fl exure
S

conpri ses 3 f}8&8Fe Pt 8Lsettdd AW ShoRELBIe RIS t BB DuMAVRFPLe
‘devi ce angouditidigd €6t lpa'feﬁrfenw NsBEGENY| JmovemdAtO7HEEH88n said first and

CoTrcoes Sebbihlvmer B SR B R R R 5
Whl ch said
The invention also provides a disk drive including an actuator
‘arm assembly and a mounting device, said arm assembly being
pivotally mounted on the mounting device for movement about a
pivot axis and extendlng in a first direction away from the
pivot axis and perpend:.cular to the pivot axis,
said arm assembly having at least one rocker member with -
a first abutment facing in a second direction transverse to
 both said first direction and said pivot axis,
said mounting device comprising a pillar member extending
| along said pivot axis and having at least one second abutment
facing said rocker member abutment, | ' '
said first and second abutments forming a pair of
abutments one of which is curved '
said arm assembly being mounted on said mounting device
with said first abutment abutting said second abutment along a
line parallel to said pivot axis and in rolling engagement
with said second abutment,
and “said disk drive further comprising a res:l.lJ.ent bias
device acting between said mounting device and said actuator |
arm assembly to urge said first abutment into contact with
said second abutment, and a flexible restraining member
_ secured both to said mounting device and to’said arm assembly
to prevent movement of said rocker member in a direction
perpendicular to said pivot axis. while perniitt’ing pivotal
moveme_ht of said actuator arm assembly' about said pivot axis,
at least one of said abutments being mounted on a movable
mounting, rockably located between the arm assembly and the
pillar member, to prevent eliding_ movement between said first and.
second a_butments during flexing of said restraining member.
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reS|I|ent bias device is arranged to. act-on said nounting device, and said
actuator- arm assenbly to apply a bias force which progressively: i ncr eases
its of fset MMM point of contact: between said first-and: BEHGRAOLI1S
abutments as the armpivots further to Lngisease def ormati on' of the -

def ormabl e flexure. 17. A disk drive devicé according to claim12 wherein
said resilient bias device is arranged to engage respective contact points
on sai'd nougtiargsdevi ce and said actuator arm assenbly wherein said contact
"points-lie on a line passing through said point of contact between the
first and second abutnent's when the flexure is not defornmed but arranged to

rotate on pivotal dimiereivefiddluding sontdetuatorf heRt aksenbifeangi 8h Q}g
contact between_t.he ahut ment surfa&}s |ncreases t he turning nohent applie

by the resi PPERELRTas I8XHEe £F oPBISE | Seidasi® r @8S6MBLYon ifor Eé"@ aﬂ-%
fl exure as mnuuﬁ:edo\femembveinetn]teaabmtoecprwotl&xlé di sk drive device

a0Cord g L0 ¢! 2Bl A LR el PR O e S Foded bR PR,
as to urge ahfiret abwaméateach other. 19. A disk drive device according to
br o] et ons arrafaay FRUntihe adARE RBREIELRT 4 BREERE (BREREY S fxtanding
drive accorélﬁggt§aéﬂaP#Wthﬁ§ﬂ§|ﬁnéahévnnsnalﬁgc@@ﬂ ebutmeoker menber with
a first abutment sanesi idies bisu dddhantid@its ESLEA! g TBEbET e
formed as aabutments at least one of which is- curved,
- said arm assembly being mounted on sald mounting dev1ce
 with said first abutment abuttlng said second abutment along
said pivot axis and in rolling engagement with said second
abutment, ' | ' _ .
and said disk drive further comprising a resilient bias
device acting between said mounting device and said actuator
arm assembly to urge said first abutment into contact with
said second abutment, and a flexible restraining member
secured both to said mounting device and to said arm assembly
to prevent movement of said rocker member in a direction
perpendicular to said pivot axis while permitting pivotal
movement of said actuator arm assembly about said pivot axis,
at least one of said ebutiments being mounted on a movable
b mounting, rockably located between the arm assembly and the
plllar'member, to prevent sliding movement between said first and
second abutments durlng flexing of said restraining member.

2. A disk drive including an actuator arm assemhly and a
mounting device, said arm assembly being pivotally mounted on
_the ﬁounting device for movement about’ a 'pivot axis and
extending in a first direction away from the pivot axis and
perpendicular to the pivot axis,
said arm assembly having at least one rocker member with
a first abutment facing in a second direction transverse to
both said first direction and sald pivot axis,
said mounting devxcelcomprzslng a pillar member extending
along said pivot axis and having at least one second abutment
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separate cartridge located in an aperture int
97/ 08688

cartridge rocker assenbly for a disk drive acts
i ncludes a body portion for engagenent with a
l.east one rocker nmenber with a first abutnent,
a pillar nenber h 'rlg a SeCOmDRDINELIBENUAL FROPERTY ORG Js
formng a pair of Ut ments at | east opfEipe! G Py "13' and enaaal n

sai d WDUthwmdmma@modsbody pof ti raufﬂumta&.mmhhm abut 'wo wnssss

cont act E?ﬁ ggsecond abutnent, anqu flexible restraining menber
secured bot 0 said nounting devi ce p 1(43) Xotaimafiohnh Piplicasion Dites )  t 06 Mrel1 867 (06.03.97)
novenent [of—sar d TOocKer menber rm a d tl|on perpendi cul ar to a prvot axls

of the camlomedlgﬁonﬂmmliaﬁp@mertl ngPWGJ!GQI‘mIS élﬁmﬂé? 'ﬂ’ m(ATfrE'
ng o preven

| edst ..‘-'on RNt S
sliding verrent q‘g%en sai gﬁfql i and(ﬁ&re tond abut nent s dur| ng flexing of

saird restrai ni ng nenber.
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(57) Abstract

A disk drive rotary actuator has a head arm rotatable about a pillar. The pillar has abutments engaging a rolling member located in
a recess in the head arm. The rolling member and pillar provide a space between abutment surfaces through which a flexure plate passes.
A spring holds the pillar and arm together with the rolling member between them.




