2 8 APR 2005 Specification 1. Title of the Invention: Head assenbly, disk
“drive apparatus, hard disk drive, and nmethod for manufacturing disk drive
‘apparatus 2. Detailed Description of the Invention: [Field of theZ8 APR 2005
i nvention] The present invention relates to a disk drive apparatus
suitable for the hard disk drive (hereinafter, HDD) used a rage
means for conputers, and particularly to a head assenbly ﬂ&“ﬂﬁ“@“ﬂ@ﬂmﬁ
reading/writing data fromto magnetic disks. [Background a A

whi ch. is the nost conventlonalﬁﬂﬁQ¥ﬁ#Qﬂ%&&Dneans for conputé%@“*has a

structure in which a single or a plurality of magnetic di are coaxially
arranged and driven by a spindle notor. Data recording angw@umwuwmmw

carried out by a magnetic head provided opposite to said

which 1s Eﬁbﬁg_gﬁ_hhgaénugnbgggusuaIIy a voice coil motor (hewebaafter.
VCM . The above magnetic di sks, magnetic head, and actuator are
acconnndaﬁggﬁ%n a hogilng caIIed a disk enclosure The disk enclosure is
formed of sBSAEMELYr Al uATRVR ADPRratifapeiprd diski wriass, and a
top cover Merhaeaféngniinef apear igg @isk heérPaseapdieatti§rage capacity of a
HDD depends on the specification of the conputer on which it is nounted,
and usually it has a single or plurality of magnetic disks to satisfy the
storage capacity. For instance; if the storage capacity demanded of the
HDD i s2 30 It 4 il gdbpéeesyipt horeofngnet rgvehsksneach having. a storage
capacity of 10 GB are prepared. However, there are 1 28 APR Mo vari ous

conputer ecifications, and a product haV|ng a HDD of
[F 1e d of the invention]

The present invention relates to .a disk drive apparatus
suitable for the hard disk drive (hereinafter, HDD) ‘used as
data storage means for computers, and particularly ‘to a head
assembly for reading/writing data from/to magnetic disks.

[Background art]

The HDD, which is the most conventional data storage means for
computers, has a structure in which a single or a plurallty of
magnetic disks are coaxially arranged and driven by a spindle
motor. Data recording and writing are carried out by a
magnetic head provided opposite to said magnetic disk, which is
swung by an actuator, usually a voice coil motor (hereinafter,
VCM) . The above magnetic disks, magnetic head, and actuator
are accommodated in a housing called a disk enclosure. The
disk enclosure is formed of a base made of an aluminum alloy
shaped in a thin case, and a top cover for sealing the opening
of the base.

The storage capacity of a HDD depends on the specification of
the computer on which it is mounted, and usually it has a
single or plurality of magnetic disks to satisfy the storage
capacity. For instance, if the storage capacity demanded of
the HDD is 30 GB (gigabytes), three magnetic disks each having
a storage capacity of 10 GB are prepared. However, there are .



10 GB al so exists. In this case, the disk enclosure and ot her parngﬁi@
uni fi,ed to support a plurality of storage capacities. For instang ) 05
‘di sk encl osure and other parts are previously designed so that a maxi mum
of three magnetic disks each of 10 GB are nounted, nanely, an HDD of 30 GB
Is formed, and three nmagnetic disks are nounted if the required storage
capacity is 30 GB, two disks are nounted for 20 GB, and one disk is

mount ed,,.fqr.. 10 Three magneti c. di sks can be nounted on this HDD,, and
t he HDDVtaﬁ};&to u;sctcﬁm%/@%’éss?ﬁg%glﬁﬁbh%??c 8nek maduet haeironai sipralded

the ful L0p&Rulaks@nexbstson, Inhithe st headdlD thda81 aRt gahhzgspgé S Yerdle

di sk mopated X € depgpul ati.on version. Inthe

depopul %t i on sg?sﬁ%ft d:eatlhc%m%ueéa%fﬁt égREPFéiagsz t §tR& aggp Gaped idri dshe
HDD i s [ REr d88&@nGe dddre itk erebosing andt beher eguirt 80 a0 RAGK 1CRRAG) Y-

Then, tHdesiguedersofthagnat naNeRES of Of‘afgédm% iiﬁ{:i n asza frorﬂegfo10
according-to uPReh

magnet i grdi ‘1S lpcreased Qr decrease
magnet i ?‘}: (?E?Sgslj.ﬂfq\“—%&?];di' néltaﬁlﬁgé',' fSur iR gREt i30 heBdd sarfonment, dandi f hirke
‘nunber BAINREdFediskd skse i Boumbedand the MRGfSiid @@&Eaiéecgf)gﬁgged.if
the nunber cef ma@NetiigkLdi I SurAng t nber ,of magnhetc: ds s
decreasgg, the ¢§igﬁi 5§é§§§3¥§1apcoH%%ﬁd?@.?th?%% Op@saifk if meunsedon
of the center ofbgradithPofMigRetts udisks qa@ vibe chpunbedmagneth os hgags. are
attachedndTHilks @al thadunaytudEngds hayse shtaehathdfetfle gyl Oﬁrnggi}%_ed

mai nt ai ahthebh t havi [ Mativati.on for” the 1 nvéntion
att achi gg gquﬁéﬁgélf%ﬁ;&g}m@%f Q‘%P&é?%ﬂ’o&f Y$ieS 1ot uwhéde ithd uHDRg
- magnet i ¢ AEaBS FUBL 18 hafe tHeaPrasnentsiisk arourdiesd teeraste {o Gﬁif@dtﬁﬁe
swi ng sfepepuhathendepapibati on version. It is inportant to cause the
center of gravity of the head assenbly to match its swi ng shaft for
increas#ng %he accuracy of the magnetic head positioning. Figure 5 is a
per spect? vENGi SGPSRYMARGOPhEeESAGER! theanuNded @dfs erdyne tis N ks to be

mounted on the HDD is increased or'decreased.according.to the
required storage capacity. Then, the number of ‘magnetic heads
for reading/writing data from/to magnetic disks is increased or
?ecreased according to the number of magnetic  disks. For
1nstapce, four magnetic heads are provided if the number .of
magnetic .disks is-twp, and two magnetic heads are provided if
thg number of magnetic disks is one. If the number of magnetic
_heads_ is decreased, the weight decreases ~accordingly, which
resu;ts in deviation of the center of gravity of the actuators
to which the magnetic heads are attached. Thus, usually dummy
.heads are attached to the actuators to maintain their center of
gravity. B

[Motivation for the invention]

By attaching dummy heads, the center of gravity of the
actuators including magnetic heads, or of the head assembly can
also‘ be made to match the swing shaft in the depopulation
version. It is important to cause the center of gravity of the
head assembly to match its swing shaft for increasing the
accuracy of the magnetic head positioning. Figure 5 is a
perspective view showing the conventional head assembly uéing
dummy heads. 1In Figure 5, a head assembly 200 has, as the main



~dummy heads. In Figure 5, a head assenbly 200 has, as the main 2@ sp ﬂm
»2005,structural elenents of it, a pivot shaft hol der 210, a coil 220
"VCM (voice coil notor) which is attached to the pivot shaft hol der 210,
arnms 231-233 which are attached at positions symetrical to the coil 220
for VCMwith respect to the pivot shaft, suspension arnms 241-244 which are
attached to the end portions of the arms 231-233, and nmagnetic heads
251- 254 which are attached to the end portions of the suspension arns
241- 248t NuC Uy ads SRR RO hit headpavsenBhpf2ohopdefrortyd dat acoreatiZOrite

for t?&dﬂDﬁ)de(I\ftngd%\Dccﬂﬁ?rhﬁétﬁrﬂlﬁilﬁcHDh!Bt Q@t@bh@ﬁegﬁ%ﬂﬁa@&m fosr}?ath Cul
magne ed as u n version. For e 0 e fu
popul at? &rﬁie\fergir)bg orf S c&%]t%%é‘a‘b]ﬁ%b ks P Thittht At ROSHolPPS n
the uppgmmeonticel o Ehguoeil, 22 four VEMSpeitdi orespest 24d- 24% pivot
respec y et h S 25 t theret Hare
attachg q#ﬁ t€@¥g8955§§ %%y% f1t %ggopﬁg%ﬂ]haﬁg %?%g%$ﬁ f ?W%
depopmﬁﬂﬁﬁﬁPﬂﬁn%ﬁoﬁheoﬁrWﬁl@ﬁloﬂﬁﬁroﬁﬁuhdgﬁénet16|bhads 2mmﬂﬁ&ﬁiWEchhowm

in the drenerataeidhiean afo Figid e énd dyent aads oR26% mnd HLiA

wher e 5Qg2§%§pen5|on arms 241 and 242 are. to be attached. The head
assenbl , 1n which the four suspension arns 241-244 are attached to
the arns 231-233,. and the head assenbly 200, in which the two dumry heads

261 ano_tr2621§r egddmededchat e thot hnagai gagﬂeﬁxﬁl hatzotohep%%&to%f Of Yayity

tch heads, 261 d
262 2 TRt adhathe PRS0 F PR BRRpSEAE BFKS, et esy e heop
may océinD i MavHdchefnes fwaedIgt iz00 disdcompurgied ias i shea eqlépagoh tat i) ust

t he ceriealsi®n gr arbky te tHID h@ﬁdthQS%thl )boﬁxpﬂat‘_’léﬁ‘oyéréﬁﬁcw ”%fﬁlhﬂu

dunny eads 261 and 62 In _Publis Unexa Ut g I cation
gnag gnetic 1sks are moun d, as s own 1n h upper portlon

of Figure 5, the four suspension arms 241-244 respectively
having the magnetic heads. 251-254 attached thereto. are attached
to the arms 231—233.' On the other -hand, for the HDD of the
depopulation version .on which only one magnetic disk is
mounted, as shown in the lower portion of Figure 5, dummy heads
261 -and 262 are attached where the suspension arms 241 and 242
are to be attached.

The head assembly 200, in which the four suspension arms
241-244 are attached to the arms 231-233, and the head assembly
200, in which the two dummy heads 261 and 262 are attached, are
both designed so that the center of gravity matches the swing
shaft. However, by attaching the dummy heads 261 and 262, a
further resonance frequency affecting the performance of the

. HDD may occur in the head assembly 200. Accordingly, it is
required to adjust the center of gravity of the head-assembly
200 without attaching the dummy heads 261 and 262.

In Published Unexamined Utility Model Application No. 5-36655
Specification, there is disclosed a technique for adjusting the
center of gravity of a head assembly. In the head assembly
disclosed in Published Unexamined Utility Model Application No.
5-36655, a counter weight is fixed by a screw between the pivot
shaft and the coil for VCM.



Specification, there is disclosed a technique for adjusting the center of
gravity of a head assenbly. In the head assenbly disclosed in PubQigsARRI005
"Unexam ned Wility Mddel Application No. 5-36655, a counter weight is
fixed by a screw between the pivot shaft and the coil for VCM 3 2 0 APR
2005 Howeyer, the techni que djsclosed in Published Unexamned Utility

Model AppPPEEYESn Noles- 88883l #1148 prdifRFi 9889 ntighdéablished udnexaaizss ti on

of the cepteriel @l Yaphlihe L&NLRE. @ 3¢62Y% tys dﬁi‘%ﬁ%ﬁl{/r grﬁttei}l%eh%w ng
center of the head assenbly. That is, it is not intended to”adjust the
center ofogpdibey ohet Resdepopubéit tba venseonoliegdaxdsgnbify thac cemdienygl v,

a need exjsts Vi d l.y. whi ch enabl.es the adqjustnent, of
its cent e?fofg%%)‘é\&/)'lg?y g%\r’ %UE%S‘ d%‘sp%ﬁg?ca% o VelSi SRR | eoefsu?ﬁlreesg]ie’r‘?‘ﬁ1 t he
occurrencessémbhlyt esdimcei d r efuensy natf dettiengleche pesd pisgeneBeofcenterdi sk
drive apparatus. .LSungar%% éhe Brisent inventor has found out that the
above proBt e®f Ay Y b8 sblGedeBPPUt aF £88t VERELPBr AB88 BYSS&MPa¥hi ng a count er
wei ght for adjusting the center of gravity of the head assenbly of the
depopul ation version at a specific position on the head assenbly. An
enbodi nendceprdhegpyesanmaaty grise peoprdedds i@eatdeaﬁse?bwbéw whiing over
data stor i t .h senbl vy. rising ac-head for

r eadi ng/ V\/r&lgfgklj%gdg;t%e ?‘?gﬁg@?‘he ggt alés:%)(r)rr%%%enrgdf)g, Iﬁa\élrwtof%i Eﬁlet he
head is dé¢paphidfianswiengismaf twHidre ssypporésaondg hehar rnccmmhﬂcé Obf WOi ce
coil notor extended fromthe sw haft, and a counter weight set at a

pr edet er nt Red" PosFt i GBI tHe §\§E%§%éﬂgftth%P€ﬁ P§"@ﬁlctene°§i oté“%pﬁléﬁkt eto
the coil @piv¥ohppacdtlis.MOtOor Wth respect to the swing shaft. Since the
counter weight is provided on the swing shaft, the

[Summary]

The present inventor has found out that the above problem may
be solved or at least ameliorated by attaching a counter
weight for adjusting the center of gravity of the head
assembly of the depopulation version at a specific position
on the head assembly. An embodiment of the present invention
provides a head assembly swinging over data storage media,
the head assembly comprising a head for reading/writing data
from/to the data storage media, an arm to which the head is
attached, a swing shaft for supporting the arm, a coil for
voice coil motor extended from the swing shaft, and a counter
weight set at a predetermined position on the swing shaft
which is on the side opposite to the coil for wvoice coil

motor with respect to the swing shaft.

Since the counter weight is provided on the swing shaft, the
head assembly can reduce the occurrence of the vibration due
to swing motion as compared with the dummy head attached to
the arm, thereby to suppress the occurrence of a resonance
frequency affecting the performance of the disk drive

apparatus. Further, the counter weight is provided on the
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head assenbly can reduce the occurrence of the vibration due to sw ng
notion as conpared with the dunmmy head attached to the arm thereb
suppress the occurrence of a resonance frequency affecting the B@r RR Hnce
of the disk drive apparatus. Further, the counter weight is provided on
the 4 R \LILB W31574.doc 2 8 APR 2005 side opposite to the coil for the
voi ce coi F1ABt APREIH-© r Spekhet ¢aiHe §@rng-hatMoi cphi §Osﬁlgg‘@%¢%rt WAttt he

count et #eLGNL: | BaltAchad Lo7 ol dePARUIAL ARGV ST Ot Dbl L ool

attached ver si on section
enbodi nenweighh tile aktmmhé@lfom VﬂkﬁldEpo@ﬁE&ﬂﬂﬁEEVeﬂéld&talﬁﬂﬂrﬁgel@Edla

is reduced ro the full ul n verS|on and the nunber . of heads is
reduced al@ ra gedTﬁ §p4%et YA Ve TF1PRe pPedentiilfdedty on

S appl|edhéoséaglgﬁp@pugabbg@meﬁegs|on a plurallty of the arnms is
provi ded, and there are existing arns to which the head is attached, and

arns to which the armis not attached. Further, in the head assenbly t he

counter “@hgbﬁFa 8Q§u1g€£88hgggg%EﬁovtgganHFEpeo§whggaSg%fEaggeﬂ%r%lly’

the full popu n-version an e depopu Ion version's conponents
with one aﬁothduceamﬁxqm;chsofuhb papalhonohhaexhﬁaﬂ1asﬂambtye number
Accordlngl if .the full. popul atio verS|on and th goaulation versi on

share the %eaﬁaggséﬁbFfduﬁﬁ 37& % gi\MﬁQﬂﬁ’l% debachaBre2sERBRLY s

only needefl ttthe atgragderdthe ieQeniabrnvel ghta®sl yed ored h%h@epaaﬁb@hu%mn
version. Further, in accordance with another enbodi nent of resent

i nvent i onVe¥ PR i & prlovicded va Heath@asaEmd| | Ss WLRyiisle oy eand d‘éh@rgt ergge
medi a, inglkugdingy a5 nEodr&g{lch’“StﬁQe 1Y €t 50 atft,Iatl%eSdM ng ed@PCOI !

for voice coll nbtor exten from the swng sha an arn1exte rom
the sw ngwkhelitthe ahe is not attached.

Further, in the head assembly, the counter weight can be
detachably provided in the swing shaft. Generally, the full
population version and the depopulation version share
components with one another. This is also the case for the
head assembly. Accordingly, if the full population version
and the depopulation version share the head assembly, and the
counter weight is detachable, then it is only needed to

attach the counter weight only for the depopulation version.

Further, in accordance with another embodiment of the present
invention, there is provided a head assembly swinging over
data storage media, including: a swing shaft as the center of
the swing motion; a coil for voice coil motor extended from
the swing shaft; an arm extended from the swing shaft in the
direction opposite to the coil for voice coil motor; a head
attached to the arm for reading/writing data from/to the data
storage media; and a counter weight set at a predetermined
position on the swing shaft where it gives a moment to the
swing shaft in the direction opposite to the direction of the

moment effected by the coil for voice coil motor.

RALIBWA31574.doc



direction opposite to the coil for voice coil notor; a head attached to
the armfor reading/witing data fromto the data storage nmedia; and a
‘counter weight set at a predeternined position on the swing shil tAPRIAE e i t
gives a nonent to the swing shaft in the direction opposite to the
direction of the nonent effected by the coil for voice coil notor. 5

R\ L113WBE574edbEe2gorpReronsighhc St RbSeonkPEidRei ght the awdogpebeiftied on

t he sw ng a c r ek i ti .t he j . iop _can
be reducgg,g fgtsc’célgtrrr%glrc%d%vj\ftﬁmtﬁﬁge%aw&%ea%qa t%c%g’ékg’o nfc\#elr}g} gggnaﬁﬁ t he
occur r enceedticads egonanupatedquenbythéf doninpghthd apeathedancetht te,di sk

drive a t can _he_reduced.. The counter weight gives ment in the
directi gﬁ%%pg%}et eCCF B RS ridet ?oﬁeﬁoqwermhgﬁgugf‘fgct%%% EBFI for
voi ce copérformancécesr dhaghyski firite hppdrasasmbhy be ekatibed. _
depopul ati on version, the positional deviation of the center of gravity
caused by the reduction of the magnetic heads can be suppressed. Another

enbodi men f e j Ny, ion.p Ldes . i L ve. apparatus,to
Wi oh §he heag ancars M aH e s FREKLAED 19, Eit ey R BR R T 5t ot
an enbodi kenthefdihecpiesenf thaveonmeon eSfacdedkbyritke appar Sbysvbhicehi ch

an N (a positive, integer) nunber, of disk-like data storage nedia can be
attached,&?:%%pﬂostloﬁg an%‘ﬁ‘)c(of(%glsq Yivel t nt erhﬁ‘?él Iaérset"}}lﬁg’ N S rﬁfr’rbEPepf_
the data éép@ﬁ@baﬁﬁdhaveﬁﬁﬁioa,S%@Qﬁo}éﬁ%ilaﬁ@(id @S;S.L%lﬁlnb:dh foF | Elgédbegééﬁﬁl t:jng
data fronffo the,data storage nedia,. the head asse y including, a hea
f or reaa‘?%g?ﬁﬁ’ﬂ:ﬁgcaﬁﬁﬁdf %éfnﬁh@ HFEUFLER s 16T g eafRet Bn la@@rgsmam ch

the head hs atppedsdeqa sw ng shaft for supporting the arm a coil for
voi ce coil notor extended fromthe swing shaft, and a counter weight
provi ded on the swi ng shaft.

Another embodiment of the present invention provides a disk
drive apparatus to which the head assembly is applied. That
is, the disk drive apparatus of an embodiment of the present
invention is a disk drive apparatus in which an N (a positive
integer) number of disk-like data storage media can be
attached, comprising an n (a positive integer smaller than N)
number of the data storage media, and a swing-type head
assembly for reading/writing data from/to the data storage
media, the head assembly including, a head for
reading/writing data from/to the data storage media, an arm
to which the head is attached, a swing shaft for supporting
the arm, a coil for voice coil motor extended from the swing

shaft, and a counter weight provided on the swing shaft.

The disk drive apparatus enables an N (a positive integer)
number of data storage media to be attached, but the number

of data storage media to be actually attached is n that is

smaller than N. Accordingly, the disk drive apparatus
incudes the depopulation version. Thus, in this case, the
heads are attached in a number of 2n. And, since the disk

drive apparatus allows a counter weight to be provided in the

swing shaft in the depopulation version, the occurrence of

9
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The di sk drive apparatus enables an N (a positive integer) nunber of data
storage nedia to be attached, but the nunmber of data storage nedi%gt? Ee
actually attached is n that is smaller than N. Accordingly, the dits APRy#005,
apparatus incudes the depopul ation version. Thus, in this case, the heads
are attached in a nunber of 2n. And, since the disk drive apparatus all ows
a count erVieTyhioR odle pPothEe@YilASt MOt ISR FRsRE trediee@ ABpepuPareen

version, it OEAM' befiee Wedy fiddndh WS18Ad. 08¢ 2k ﬁﬁ%}gggg%%l?ggggon

due to the swing noti can be reduced as conpared W

attached @® vherezomance threqemevatabhecoina tésonparéotmaenueneyf athecti ng
the perfo ce qQf the disk drive arat us can .be suppressed. In

addi t i on,é{% %‘E&Xﬁt STPRETYNES nE8H ﬂ% BEPRIESEREd fo?gt f‘?éfdfsjlﬁjiorbopﬁhﬁti on
version. deutther dvekgHti vieedpprstaties, at becheanter wWeicghtuTmnpbgusgtish a
position where it gives a nonent to the swing shaft in the direction
opposite Tor¥H¥ direction of the noment effected by the coil for voice
coil notor. Further, in the disk drive apparatus, the counter weight can

be formed of a single nmenber. The conventional dummy heads are attached in
a nunber Bortks pdhehk ndirive t dppavaitiss 1 etdye ecountet hee tglpopokat benseerston as

conpar ed W e full opul ation version. t he ot her hand, the counter
wei ght (égéékﬁ¢%$new %?gaggiﬁéygsngnﬁgpgngngﬁkﬁﬁfi%wﬁqgré%%;%a%?IQhe
attached disceanat esbpds 1t & heo detmaryd heask i dn foif thies Gohogt nente8fcdhey
present i ventigg Provides a hard disk drive in which an N (a positive

i nt eger) ghﬁﬂﬁﬁl FLOTMEETS U SKBORH- be attached, including, an n (a
positive integer smaller than N) nunber of the magnetic disks, and a

sw ng-type head assenbly for reading/witing data fronmto the
Further, in thé disk drive apparatus, the counter weight can

be formed of a single member. The conventional dummy heads
are attached in a number corresponding to the heads reduced
in the depopulation version as compared with the full
population version. On the other hand, the counter weight
can be formed of a single member, and thus it is more easily

attached as compared with the dummy head.

A further embodiment of the present invention provides a hard
disk drive in which an N (a positive integer) number of
magnetic disks can be attached, including, an n (a positive
integer smaller than N) number of the magnetic disks, and a
swing-type head assembly for reading/writing data from/to the
magnetic disks the head assembly including, a 2n number of
magnetic heads for reading/writing data from/to the magnetic
disks, an arm to which the 2N number of magnetic heads can be
attached, a swing shaft for supporting the arm, a coil for
voice coil motor extended from the swing shaft, and a counter
weight set on the swing shaft for giving the same moment of
inertia as given when the 2N number of magnetic heads are

attached.
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magneti c di sks the head assenbly including, a 2n nunber of magnetic heads
for reading/witing data fromto the magnetic disks, an armto which the
2N nunber of magnetic heads can be attached, a swi ng shaft for gﬂpAH?MMPQ
the arm a coil for voice coil notor extended fromthe swing shaft, and a
count er m?i ht set on the swing shaft for giving the same nonent of
inertia a& ﬁgvéﬁ Winén hard N st ek ver FregPeRter headghhr és proxydded in
RALIBN'. 3heSE4ridRr 2hioPRs200RA sohd Pt Ny NaEd it didves 2 eguiter
weight is provided in the swing shaft, so the generation of vibration due
to the seawaggnoitdeoncararbebe edadededs acomuanpedas tvn et Hamiyimhgathead

attached to,.th rm_And, since the coynter weight gives a, nonent of
inertia s?gF?SEeaoHﬂughﬁn?r%Opu%QgVoﬁlﬁngi I TPURR W EhERBNIRYRBer of

magneti ¢ doskataoE atdaedied, sihiTan teorhectidine ey Bi ¢ 0n 0fetBecgenter of
gravity in the depopulation version. A further enbodi nent of the present

i nventi on"predi §&& HhaPHmRlF s o fdria@ng ok whi ekist Re enuitercld mghecaa
heads forcobpadtnotuei taagidaiani Sof equged c{(ér?f@zt nas Tgfrar\{}etJ]ariqn d't%%
drive as standard, including a magnetic dis or storing ata, a hea
assenbl y AepPrylatiagneeireidhsk and noving above the magnetic disk by
sw ngi ng around the swing shaft, and a counter weight set in the vicinity
of the swing shaft for adjusting the center of gravity of the head

assenbl y. Al futrbrehaedbdisketti v€, thenpeekbALCOHDERE 1Rl BRLViSeRr @vhded in
t he vicinit%kof the swing shaft, the occurrence of vibration due to the

swi ng mot o caﬂrb%ere_ eW%%C%orF&a? edUReh e AGEMEtHEad hepdachéert o
the arm r8alihgghasrdrdhsk sdtiave,s thegcoadt eronegat g%&t%hépﬁgfé'EQSknOt
to increase the i1nertia of the head assenbly attached to
drive as standard, including a magnetic disk for storing
data, a head assembly having a magnetic disk and moving above
the magnetic disk by swinging around the swing shaft, and a
counter weight set in the vicinity of the swing shaft for

adjusting the center of gravity of the head assembly.

In the hard disk drive, since the counter weight is provided
in the wvicinity of the swing shaft, the occurrence of
vibration due to the swing motion can be reduced as compared

with the dummy head attached to the arm.

In the hard disk drive, the counter weight can be specified
not to increase the inertia of the head assembly attached to

the hard disk drive as standard.

Another embodiment of the present invention provides a method
for manufacturing the disk drive apparatus described above.
That is, a method for manufacturing a disk drive apparatus
comprising disk-like media for storing data and a swing-type
head assembly for reading/writing data from/to the disk-like
media, the disk drive apparatus being capable of having an N
(a positive integer) number of said disk-like media stacked

therein, the method including the steps of attaching in the

8
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the hard disk drive as standard. Another enbodinent of the present
invention provides a method for manufacturing the disk drive appg&a&mnm
"descri bed above. That is, a nethod for manufacturing a disk driv
apparatus conprising disk-like media for storing data and a swi ng-type
head assenply for reading/witing data fromto the disk-like nmedia, the
di sk dri vElapPatut 88 b8en§viasasina s shaaunrFen weight pbett Feesingegbe)

nunber of i i i L anst e ei.n, hod, i ngl uding ;t he
st eps of %‘??g%lhicgn}?(fidn F%enﬁgghgb \%&% %{eé{l%%. Egc %nggﬁ_ze 5%\%}% hlegf/l of
the sw ngasterfbly ¢Surmem wet ghtsibiveausirgerhemadlieng tghaf t NI onombel t he

center of grayjty i,n_the_ head senbly if an.n (a positive, integer smaller
than N) RBber 2yt ARk G18R- | MES Fedi A oar &' d, ¥Md offfttFuGSt hehe
attachi ngatofathengodnt eneweb@ht eirf wehghN numhele of ghdkeli ke gHBRALR:RES
stacked. In_the foregoi hg nethod for manufacturing a disk drive apparatus,
the head BRILILIYC n3s2GkERad for reading/witing data fromto t he

di sk-1i ke nedia, an armto which the head is attached, and a swi ng shaft

for supporting the arm and if the n (a positive integer smaller than N
nunber of Il s)%‘i&i Keorepaing ametdtatkddr t menodaatering ght Hisattaehed at a

det erm L ti on the sw ng shaft where nment 1s. given in the
g;(rareedi rregc@?e%%gg@éthgﬂrem%n c%%sseé'go]t%a%%? gn b %ﬁnﬁega?ﬁl /8y1EhBIar m
One aspeddatd fihempresemd diwentiles peQva desn aaheats agaeshl ¥hefREadai g

storage device, conprising: a data storage nedia, a plurality of arns, each
havi ng a af‘ntet_aaocerf%‘g' pgﬁéi Ry SRR PRBAT ad@TWTURRRY it EBet ReMdatandt bf age

medi a; a tsvé ng &aids{orveupposdd PG OF R 1Y) Ol L ABEPF SP04isk-1ike
media are stacked, the counter weight 1is attached at a
predetermined position on the swing shaft where a moment is
given in the same direction as the moment caused to act on

the swing shaft by the arm.

One aspect of the present invention provides a head assembly
for data storage device, comprising:

a data storage media;

a plurality of arms, each having a head for reading
data from and writing data to the data storage media;

a swing shaft for supporting the plurality of arms and
defining a swing shaft axis about which the swing shaft
pivots;

a coil for a voice coil motor extended from the swing
shaft on one side of the swing shaft axis;

a counter weight set at a predetermined position on the
swing shaft which is opposite the coil with respect to the
swing shaft axis; and

the head assembly having a populated configuration so
that each of the plurality of arms has a head attached
thereto and the counter weight is attached to the swing

shaft, and a depopulated configuration so that only some of

8a
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defining a swing shaft axis about which the swing shaft pivots; a coil for
a voice coil notor extended fromthe swing shaft on one side of thg sning
'shaft axis; a counter weight set at a predetermned position on the swng
shaft which is opposite the coil wth respect to the sw ng shaft axis; and
t he head assenbly having a popul ated configuration so that each of the

pluralitytle® BiWgaddsva deadriet ftameda ekt at Gachefe thenster ard ghhej s

ttached Sy shaf p ted.canti ation so that only
2orre of 8%&%@i§lr_lol%%\%?%?%%%?gegeﬁngggoghtéhggﬁﬁgr %hg? %'of arnms has a head

attached thereto and the counter weight is detached fromthe sw ng shaft.
Anot her ect of the present invention provides a head assenbly for a

dat a sto?%g)%t Vi caés:pec‘gt?mroffgi ﬁb:e apﬁﬁﬁgngt oJrIévﬁ%I_the‘Eﬁ‘a;P’%Pv Y §ha$‘leafihat
defines aaswérmiglphedt axdstat seorsgst gevoted &¥PYiBAPHEON; a coil for a

voi ce coil motor extended fromthe swing shaft on one side of the sw ng
shaft axis; a pt #2f3t5te¥age nie@k@ended from the swing shaft opposite the

coil on anothery sicdgnef therswichgShaltiaxks:a aqhe qg#mg d to.eagh of the
plurality of arams,S eg%h éo% thel?%eads Ifﬁ%)r reéadi ﬁg @gta rot; ?f&]eswr ?{]! ng
data to t¢entemtef s2 opwied medt &pna counter wei ght set at a predeterm ned

oLt or o s S LIS e B T9 AR e gL
t he head dissenbby dwawi spde pdpuhat edisenshgit agko8; so

a plurality of arms extended from the swing shaft
opposite the coil on another side of the swing shaft axis;

a head mounted to each of the plurality of arms, each
of the heads for reading data from the writing data to the
data storage media;

a counter weight set at a predetermined position on the
swing shaft, for giving a moment to the swing shaft in a
direction opposite to a direction of a moment effected by the
coil; and

the head assembly having a populated configuration so
that each of the plurality of arms has a head attached
thereto and the counter weight is attached to the swing
shaft, and a depopulated configuration so that only some of

the plurality of arms has a head attached thereto and the

counter weight is detached from the swing shaft.

Another aspect of the present invention provides a disgk drive
apparatus, comprising:

a plurality of data storage media; and

a swing-type head assembly fiber reading data from and
writing data to the plurality of data storage media;

wherein the head assembly comprises:

a plurality of arms, each having a head for reading

data from and writing data to the data storage media;

8b
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that each of the plurality of arns has a head attached thereto and the
counter weight is attached to the swng shaft, and a depopulatedg APR 2005
‘configuration so that only some of the plurality of arnms has a h éh
attached thereto and the counter weight is detached fromthe sw ng shaft.
Anot her aspect of the present invention provides a disk drive apparatus,
conprising: a pRuPlngysbaftafarseuprgetiadi bheanduaasibrgofypemsedd a
assenbly Eibeg aggggggogata fromand witing data to the plurality of data
storage nedi a; erein the head assenbly conprises: a plurality of arns,
each having a headofdr floeadi ngoickat acilomoand \wxitidrigdat vorh Othﬁe]:sd@?g
storage nediag; 8b R \LI . 1574, doc. 2 8 APR 2005 a swi ng shaft for
suppo?tin@h?ﬁg ﬂfhr%l??ﬁoaﬁ 2&&???%%9 FPREt 1 reRePDhteatooi the of 1askoi ce
coi |l notoqiextended fh@mthe swing shaft in a second direction that is
opposite to the first direction; and a counter weight renpvably coupled to
t he swi ng shaft2® GRABNERFemdiledt remevah¥ vt caupeedi 6, thel shéndi skadki ve

having a populatedicRgf LguEaLi pnysp hhaloceagh ghathe pluraiity of arms has

a head attac ere e counter welg I'S attached to the sw ng
shaft, and a depopidskedrconfhguingi anpspul hneédoabyf sgueaot ohheopkunal ity

f h h ttached,.th t d the counter weight is detached
?roﬁ{gﬁe %%f%gogﬁg?g.Pﬁﬁﬁg %Fygé e%fggfh?ﬁeap?%§ n?tFﬁ98ﬁ%i5heﬁﬁ59iaE§ a

hard di skehdlr icteinte@npié sgRg: id phtEtabhéd @fo mMepaetdysd skBarad hd a
sw ng-type head. assenbly for reading data from and
depopulated configuration so that only some of the plurality
of arms has a head attached thereto and the counter weight is

detached from the swing shaft.

Another aspect of the present invention provides a hard disk
drive, comprising:

a plurality of magnetic disks; and

a swing-type head assembly for reading data from and
writing data to the magnetic disks, wherein the head assembly
includes:

a plurality of arms each having magnetic heads for
reading data from and writing data to the magnetic disks;

a swing shaft for supporting the plurality of arms;

a coil for a voice coil motor extended from the swing
shaft;

a counter weight removably coupled to the swing shaft
for changing a moment of inertia of the swing-type head
assembly; and

the hard disk drive having a populated configuration so
that each of the plurality of arms has a head attached
thereto and the counter weight is attached to the swing
shaft, and a depopulated configuration so that only some of
the plurality of arms has a head attached thereto and the

counter weight is detached from the swing shaft.

8c
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witing data to the magnetic disks, wherein the head assenbly includes: a
plurality of arms each having magnetic heads for reading data from and
'witing data to the magnetic disks; a swing shaft for supporting 2BeAPR 2005
plurality of arnms; a coil for a voice coil notor extended fromthe sw ng
shaft; a counter weight renovably coupled to the swing shaft for changing
a nonent DRothertpareftt RE HhienPregse theayerdsisantpyovidels t Aembahdddiosk
drive havj confi gur at.i t each of .the plurality of
arns has % e%@%?é@%ggg %hzel!}g?ogggﬁggt %gp%%gﬁggr \%Bfngﬁtlsilggaf:?l&ﬁgﬁ%?o t he
swing shaft, and a depopul ated configuration so that only sone of the
plurality of arns h%?. a hea%[ia%gfhed thereto and the counter weight is
det ached from tHePEWF 1S sRafttS 8 EY RS LRRPIV AT US7H1dbc 2 BeapRrageerbAKot her
aspect 0f£40 ReEGh! GaVENIEQh PLAYT AR5 APl BalaOfeo CQUMALDPALRACLAD &

di sk drive apparatus, conprising the steps "of: providing a dis rrve
appar at us"e@ i3, avhexeias$dmwbl §iskodrivadianpaistzud r basard pkutahiryavd to a

data stor La i .di s i.ve a atus has a.plurality_of

the medi a@g%a%%gétﬁggglﬁ%,g ghrg\%gﬁg’s%agt“{mgn aaaf;q urAts ty B}Brﬂiglgg ¥8r

readi ng fhemdantonwrr¢ading of tdre ghdrwetityngftoetha; patrathtngos wegnher

wei ght adj acent_to the sw ngagggfgi: for_causj.ng the swng shaft to match a
e

center of gravit§yr3Hii%e?n WGP @ Ierment die driis eSubpar 8hasti s

ﬁnedof ngmol esesyngopukatead ny tdhdrmadso angdt B bi dldnt 20Ril al e W hin
eads.
the head assembly when the disk drive apparatus is one of

completely populated with heads and partially populated with
heads.

8d
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. R\LIBW 31574 doe 2 0 APR 2005 [Preferred enmbodi nent] Now, the enbodinent ,
~in which the present invention is applied to the HDD will be descF QN%
an Vi

detail with respect to the acconpanying drawings. Figure 1 is ap

.showing a schematic construction of the HDD according to this enbodi nent,

and Figure 2 is a perspective view showing a head assenbly 6 according to
this enbodiment. Figure 1 is a plan view showing a hard disk drive (HDD) 1
according to this enbodinment. The HDD 1 is a head | oad/unload type HDD. As
shown in Figure .1:, in. the HDD 1, a disk enclosure is fornmed by .sealing
t he opened top portion of a shallow case-type base 2 nade of an al um num
alloy with a top cover, not shown. In the center of the base 2, a spindle
hub-in structure is provided. On the upper surface

notor. .(not. shown) aof a,
of the[é%ﬁﬁﬁﬁﬁgghﬁéb?g%mﬁﬁbhet|c di sk 4 made of a glass substrate or an.

al um num substrate is fixed by a top clanp 5 and it is rotatably driven
count epgl pckyy, se |nd e indle notor. The magnetic disk
4is a k%é %gﬁdg'%ee% A g& 2}% r%lp esent. 1PYERtIONstid etbphiad
magnet |tt9 tﬁhﬁ fHDBn WAdt sh@w@esqrmhmij on tdm:agll]aswmh atwpéwm gabstpat e.
The HDRckowpartiavey kMQwﬂﬁgﬁﬁtIC ﬁi S or sk 4 nmount ed
ther eoip. The £ase in net?c]dlég 2 gre nnuﬁt dd PUOVARYE R
popul ation versi on, S%ﬁu?%koﬁagg F emﬁPPhaGﬁérﬁd@ﬁeﬁQ:ﬁﬂ¥ﬁ<emb¢@1Mthted
i's thea@ébommaréoﬁ vis sporpershedthisre vhewhehbadfg2,a anBead aasegihy 6 is

prOV|dg@cgﬁalﬁq¥3g1ﬂﬁhgﬁéﬁggagmé“@lFﬂgure 2, the head assenbly 6 conprises
a pivot shaft hol der as a swng shaft, a c0|I 8 for VCM (voice 9 28

APR2005 )
Figure 1 1is a plan view showing a hard disk drive (HDD) 1

according to this embodiment. The HDD 1 is a head load/unload
type HDD. ' '

As shown in Figure 1, in .the HDD 1, a disk enclosure is formed
by sealing the opened top portion of a shallow case-type base 2
made of an aluminum alloy with a top cover, not shown.

In the center of the base 2, a spindle mbtor.(not shown) of a
hub-in structure is provided. On the upper surface of the
spindle motor, a magnetic disk 4 made of a glass substrate or
an aluminum substrate is fixed by a top clamp 5, and it is
rotatably driven counterclockwise by the spindle 3 of the
spindle motor.

The magnetic disk 4 is a disk-like storage medium for storing
data. Data is stored on a magnetic thin film (not shown)
formed on the glass or aluminum substrate. The HDD 1 may have
two magnetic disks 4 or one magnetic disk 4 mounted thereon.
The case in which two magnetic disks 4 are mounted is the full
population version, and the case in which one magnetic disk 4
is mounted is the depopulation version..

Further, in the base 2, a head assembly 6 is provided. As
shown in Figure 1 and Figure 2, the head assembly 6 comprises a
pivot shaft holder 7 as a swing shaft, a coil 8 for VCM (voice



.coil notor) attached to the pivot shaft holder 7, arns 9a-9c attached at
"predeterm ned positions opposite to the coil 8 for VCMw th respgf to the
"pivot shaft holder 7, suspension arnms 10a-10d attached to the en IS
of the arnms 9a=9c, and magnetic heads l1lla-lid attached to the end portions
of the suspension arns 10a-10d. In the pivot shaft holder 7, a screw hole
7a is formed for attaching a counter weight 15 to be descrlbed | ater. The
pi vot sha t h | der 7 |s otatabl fitted over pi vot shaft 12 vertically
provi d&g* has@tsac éOI‘ttﬂ éb? Pyet e‘fﬁé@%‘i zBeildRrof7 ¢t harsei 98- Faor
VCM caaseachlad maopma;ewmﬁedtpobgtswsgo@@@mdet he ptidot cshafig 1y ,by

t he co 8 R, \Y Y c st or 13. The VCM i s

formadvg 'L‘A)chlcell’h %ﬁ%&oﬁo %e( nﬁi‘?ﬁt %Wgog} ) To°PARBEBELEP AF¥Sace
(bott okP3uiPdcatiicher asethe &ndarplortmmssIQMhas aamsi rgaidcpoardi i S
att achgg néﬁﬂcbeﬁé\@@ﬁ thies cardl  2aRdchd sebndlife MALQY F&P&bpgméf ngand

outputtlng n%?“ﬁ%%ﬁﬁ#ﬂnals and the |like for not or are
carrieg®® ﬁpsmgn&r et e caPdtifd HlWé’the'%{’tP%sslé‘?ﬂqu?r 6/t Re SCrew

i nput t hageanth outspufoirmgdof fohe giwerhing t he cointdr f areiji and tde yeover
and si geaksiben haadiwite of the magnetic heads Ila-lIld are carried out.
The HDD 1 of this enbodinent is a HDD called the head | oad/unload-type. In
t he head | oad/ unl oad-type HDD, by holding the head assenbly 6 on a ranp.

bl ock THewpéwoitt shafitndpdrder Ve, is thet atgoky | £ibeadsolea- bl digbe %%bQ%dEd
to theyp r PASHL wi.t.ho pu g themig contact wth
surfac%g oggkﬁﬁgbgg ne? 568%3 25 %%e e%% :%'onT2 't he %858 g&?@&BVy @
dr|venePSrSéG§§lPﬁecH%g%%@|EOHéa@%?@%%.EQH ?éuﬁéékthethﬂﬁdnagaembtydﬁsks

4. Figtoebd ssrumgpearmmﬁ itk \p e S hetvd g Ihebﬁe@lﬁieaééﬁﬁbbwér bt ahle

upper RO f pul,ati V.Er Si | 0 portion
hbel ?hgh epop atl%ﬁf%eﬂbkogg WaldQn MEr st gl Yol § f%rmexeof Yhe
oil for VCM and the VCM stator 13.

To the. outer surface (bottom surface) of the base 2, a card,
not shown, as a circuit board is attached, and between the card
and the spindle motor, the inputting and outputting- of the
power, signals and the like for driving the motor are carried

. out, - and between the card and the head assembly 6, the
inputting and outputting of the power to the coil 8 for VCM and
the power and signals for read/write of the magnetic heads
lla-11d are carried out.

The HDD 1 of this ~embodiment is a HDD called the head
load/unload-type. 1In the head load/unload-type HDD, by holding
the head assembly 6 on a ramp block 14 when it is inoperative,
the magnetic heads 1la-11d are unloaded to their retraction
positions without putting them in contact with the surfacés of
the magnetic disks 4. In operation, the head assembly 6 is
driven to cause the magnetic heads 1la-11d to seek on the
magnetic disks 4.

Figure 2 1s a perspective view showing the head assembly 6, and

the upper portion shows the full population version, while the
lower portion shows the depopulation version.

- 10 -



- 10 2 8 APR 2005 As shown in Figure 2, in the full population version,
*the .suspension arns 10a-10d are respectively attached to all th ar ns
'9a-9¢c. That is, in the full popul ation version, corresponding t§8tﬁa?ﬂmh
magneti c di sks 4 nmounted, the four magnetic heads 1lla-lid are provided. In
the full population version, it is designed so that the center of gravity
of the head assenbly 6 natches its center of rotation, with all the
suspegilon arnms 1l0a- éOd and the magnetic heads 1lla-11d being attached.
In th J}ﬁwlbt ih vePYEEn CCO]I'rHI f4e oTHRhils ROBBHAHERPR, Vews Lamgndthiec
heads $ugpemgibnd aofms héOmmgadt |a:rdfleaéSplebalbledyar&t@éﬁé’&h%@ By1t ke

magnet ea ¢ and data read/ ynite carrie ut with respect to
thefnﬁf%%e g%dbkear fﬁé# §E %%gng%e (ﬁé§?4 RBBH?%glOWheV§6§ﬂ€HS|on
arns 19RCERSPPRE1AAd tQ héh@agﬁéfﬁl fagagdsid | diakd 4 bpouhiel, arehat tfaglred i n
the fuhdgneeps! dtida@”s vmswma %rx% “Bi:o@i&é&hed Th N thike ;foogﬂk)ﬁ&'a% o
versiop, as. shown t he center of-°Phe

rd
head aSSePbPyr G%ﬁnﬂ% g89ﬁﬁpgdfﬁﬂnYh%gcikﬂﬂc%ﬂ e?oPﬁt@ﬁ@Wﬂthmﬁ she.
| ef t azeadhepssemblihué, matchieiss itbodhtent ,oﬁi ﬁoualtgdsny\ew% 1211 Sthe
att achegshé&nt D6nPi ¥&hs shafd-1 P! dek h tal | at ition
of th cd%nt { nmﬁ g ? 15 arénge%%go ? gte% e ce (# éﬁ?&ﬁt ﬁgﬁ Eﬁé head
assent?§89 nat EACRSHr s swing center when attached. In the full popul ation
version, generally, if the nunber of the nagnetic disks 4 to be mounted is

N, therpugher RpdpInelidn beadsoho ReAdafieds 1ndl Sy SefesagRe the

magneti c di sk ?F data storage [ayers provi ori the
t her edP29RgH1Reledqs + hiC d8pdpui il i 8F Vdvesi Bagnetie hbeadaberla-ofld hare
magnetatctaiiséd. 4 tBy beheomayadtie medd®e DNLEbandof 1deaNatd crggagl@r&gebe

atfached Lsalsq 2 WIEHS Rshectiics IR0 s, characier|ze
at t achi ng the count Bectcd UBlcd i F & 8t only one
magnetic dlSk 4 mounted. The suspension arms 10a ‘and 10b and

the magnetic heads 1la and 11b, which are attached in the fall
population -version, are not attached in the ‘depopulation

version as shown in Figure 2. Accordingly, the center of
gravity of the head assembly 6 would deviate from the center of
rotation if they are. left as they are. Thus, in- this

embodiment, a counter weight 15 is attached to the pivot shaft
holder 7. The weight and installation position of the.countér
weight 15 are set so that the center of gravity of the head
assembly 6 matches its swing center when attached.

In the full population version, generally, if the number of the
magnetic disks 4 to be mounted is N, the number of magnetic
heads to be attached is 2N. This is because the magnetic disk
has data storage layers provided on the surface and rear
thereof. Further, in the depopulation version, if the number
of the magnetic disks 4 to be mounted is n, the number of
magnetic heads to be attached is also 2n, where n<N.

This embodiment is characterized by attaching the counter
weight 15 to the head assembly 6 of the depopulation version,
attaching the counter weight 15 to the pivot shaft holder 7,
and attaching the counter weight 15 to the side of the pivot
shaft holder 7 on which the arms 9a-9c are existing. - This

- 11 -



. weight 15 to the head assenbly 6 of the depopul ation version, attaching
"the counter weight 15 to the pivot shaft holder 7, and attaching the
'counter weight 15 to the side of the pivot shaft holder 7 on whi & ARR2005

arnms 9a-9c are existing. This - 11 2 8 APR 2005 characteristic is detailed

bel ow with respect to Figures 3 and 4. Figure 3 is a figure

di agrammatically showing the side of the head assenbly 6 according to this
enbodingnt @nd.%g% shows,  the _full popul ation version, while (b) shows the
depoput At 3RSV EPLLEN 1S0f § il thebe hardWikhgwespedts o fF jumees hdwiang a
conpar4son exanple for this enbodinent, and al so, (a) shows the ful
popul ati on version, while (b) shows the depopulation version. In Figure 4,
the sane structural elenents as this enbodi nent are assigned the sane
synbol 51 € hds Ehbddfdgnre diagrmmmat icailgur esogingd the tdixielepf ctthen of
t he neigesdi essbrply kbl addoddisiprid tas 0 Fl Q4T nd, (D),
the coppi gr %§#3f5§%5 i s attaéﬁed LoiEiﬁ§m§§g¥k¢éhi%ﬁ&v§?zi%ﬁEW§ gﬁ%s
embodi Ment . e Aspeli f YEAPEG i nWPhCdepBpul &PPBE vERSI odepppudetpensat e
the des¥2ieBn ofOn hdheem henf hgndyi thiglue t 9 tite abseeRe0fsidifing a
suspensd A1 88n18%am 1 th [,G h a an | b t he

count e)% [ﬁp&llﬁgt 1 jcs g?teag%gg&?)oltst ﬁee,m Qzﬁéo“ﬁt’meala'g% %‘%Seo’arﬁ%; Bhows Lhe
existi'ﬁﬁfTi TP 1RAR cBPFS8°Ror Ve 8nd(Phe Shewat etheei gapopblatiéon

di sposegkFon he oppofiitgmuEost i anme Weake raspraturt-) tBechbNOE Shafipbol der

7. On disoptiieht Napd 485 SbRun ik St oL Dy I LRe g oTRRr | son
exarrpIH:e‘j wei ght 115 is a tachéﬂl ogg@ﬁe% u (#jbqﬁ | & 6h SRPeR TRENt Rt
is, the %@?ﬁ)’é‘ri Soh EXGHPFE i3 3B&si hnedhso dRpicthencerdf etthef wagwetycof
t he hdwhdsskhdty1d06s omithed.the swing center of it when the weight 115
I s attached. And, in the depopul ation version, to conpensate the deviation
popul al
As shown in Figure 3 (a) and (b), the counter weight 15 is
attached for the depopulation version in this embodiment. More
specifically, in the depopulation version, to compensate the
deviation of the center of gravity due to the absence of the
suspension arms 10a and 10b and the magnetic heads 1la and. 11b,
the counter weight 15 is attached to the side on which the arms
9a-8c are existing. That is, the coil 8 for VCM and the
counter weight 15 are disposed on the opposite positions with
respect to the pivot shaft holder 7.

On the other hand, as shown in Figure 4 (a) and (b), in the
comparison example, a weight 115 is attached for the full
population version. That is, the comparison example is
designed so that the center of gravity of the head assembly 106
matches the swing center of it when the weight 115 is attached.
And, in the depopulation version, to compensate the deviation
of the center of gravity due to the absence of the suspension
arms 10a and 10b and the magnetic heads 1l1a and 11b, the weight
115 is removed. Further, in the comparison example, the weight
115 is attached to the side on which the coil 8 for VCM is
existing.

To compare this embodiment with the comparison example, they
are different in the point that the counter weight 15 is

- 12 -



. .of the center of gravity due to the absence of the suspension arnms 10a
and 10b and the magnetic heads 1la and |ib, the weight 115 is re(r?{ﬁ/z\gR
"Further, in the conparison exanple, the weight 115 is attached t %qoﬁje

on which the coil 8 for VCMis existing. To conpare this enbodiment with

t he conpari son exanple, they are different in the point that the counter

weight 15 is - 12 2 0 APR 2005 attached for the depopul ation version in

the former, while the weight 115 is attached for .he full popul ation

versi oRtFRCRAd P&t tdie depppuiatiomsyanedonhdn ttie spechéicawhobe eohet he

head wesenbl 116 agcosdtasnta s Oﬂhﬂﬁn?o@ﬁ‘i'a'%gohh%%%r?r \M?::h%ht 15

rem)vefl ﬁgd t he head, %ssenb\?% 106, accord compari son exa

havi ng- ¢ heShei gNP¥114 % dfo #hi SPERLlEbeht boRer oL ThbA, hehd
nonentas$enpkyt i@ (a‘cctdreilhegad toasshﬁrbl yexﬂl@@dﬂrﬁehhe Hat inpoRpmeat keQnyersi on
beconsg en st popul t|on versjon for
t he ex?%?%ﬂcéso %\r,gmglg 11%? ﬁgcorg’ “Ibrl%' %@cﬁé\f g% e E8Fe
perfor‘ﬁ%’ﬁ%%rb?‘énu%mﬂlﬁe Yved %15§éﬁb|‘/§ﬁ!€9hﬁslh5rmemow@ alsg)emdtthihgr

than twetheadhassenrhky .106.THen 0t ke WashHsatt er haadtaasesb! i1 hasaa
i s neans that for

faster ekin he Inet | heads |l a-11i

t he he%%gggg% ilég gg tQ gte E‘fbut ¥ E ugleaeﬁe'osxbee%rsejqcm 3&?%‘?\?“3? ol?ﬁ%eﬁeﬁﬁan
assenbffe 6 hgad | §SSPE‘§&B’re@ P(i ushea fvav h@@bﬁ@apaphorvmnsﬂoml gﬂmerr than the
head eastetbhye6otheaiine havyne allsar g%cédaf!&lnd; th?cfH@'EMs aE{uQeSS

vew TANS BepdthEnc? % ofafteathn nm%ﬁﬁ%@nmﬁyﬁﬁﬁ{ PR e
] gt s 5w Lbeonila | 9h Wiis, °““§%Z?”“@i e
15 nedfesd 18£ ha fAdtérP QR V&St
Count elﬁeg\gégtf&al§ldl S %ﬁfsChI%garllg R:t}]x eDfOch atelaolqegdﬁ;;?ssemtbcl)jﬁﬁ%o?l ’?;é on
obtain a seek speed equivalent to the head assembly 6, it is .
required to use a VCM having performance higher than the head
assembly 6, -‘hence having a larger size. In the HDD. 1,
compactness and high performance are also strongly required,
- and from this point of view, this embodiment is preferred in
which the moment of inertia for the full population version is
. small.

In this embodiment, the counter weight 15 need not be attached
in the full population version, because the counter weight 15
is attached in the depopulation version to the side on which
the arms 9a-9c are existing. That is, in the depopulation
version, by attaching the counter weight 15 to the side on
which a weight decrease occurs due to the omission of the
suspension arms 10a and 10b and the magnetic heads 1la and 11b,
the position of the center of gravity is adjusted. However, if
the weight is reduced by omitting the suspension arms 10a and
10b and the magnetic heads 1la and 11b, as in the comparison
example, the position of the center of gravity is adjusted by
reducing the weight on the side symmetrical to the side on
which the weight reduction has occurred. 1In this technique for
adjusting the position of the center of gravity, it is
inevitable to attach the counter weight 115 in the full
population version.
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the arns 9a-9c are existing. That is, in the depopul ation version, by
“attaching the counter weight 15 to the side on which a weight d%@\?ﬁ?ﬂ%
‘occurs due to the om ssion of the suspension arnms 10a and 10b and the
magnetic heads Ila and Il b, the position of the center of gravity is

adj usted. However, if the weight is reduced by omtting the suspension
arns 10a and 10b and the nmagnetic heads |Ila and Il b, as in the conparison

exanpl e posjtion of the genter of gravity is adjusted by reducing the
wei ghtEJBn {}h HHRE s Oreseingo £ReMs| Haeonigimpeint he freimgittentedtibei on

h?s ocpuu'enio?I nat hnshiel?hntf}qele dcﬂj‘r;t@ﬁj ;"ﬁélm ttheg, pqssl t ﬁ?r&f%fgetdhet Eﬁ%; elrI
of gr n ac coun rowei in e fu
popul gefl#%% sgrgjleor?ht %1% fg grkg 6105 vl f‘ﬁé t £ nglmﬁgléspl% Ehan ke
Vi ewpoBA¥eHf anoReRenthdo pbkéet pdivoat shath tioddeaunt ednveilght dibetsion
attachegpo;;mee SRURIRY IR atichd 6B PhAV ﬁ.@n; ftf'yhcsc gﬂ}gg {fi?gtc%g ghat

it g H’an% o, t he vot shaft ho tion ite
to the (at:r Eti-on 'frt]h%rm fit MOMYeRdt pURed hEYc&hIe Fourgrer/ore i gyt t hér
t he nn‘nenwtaosedthleygﬂw@tcmmtfetr hltchgahi N%nd Otwé:tm@xﬂexﬁbec@ty@& Bpathe

hol der z/n@ndlbe tggn%@tt %"i‘a“%: ct an.the |vot shaf t
hol der 7 ar e colnci dent in %t ion.> &hdze;rd Jé?rb??l%céégngf’-ﬂg to
this e%’f)‘a? FeRB:t he counter vvel ght 15 |s attached to the pi vot

shaf t hol der 7i n the depopul ation version. That is, the counterweight15is

compar £ WTh e Gumi Rt o1 “SeroRandtn PRor: GOPREReR) - o Chbsi ng

the cotRtRFeheMgHOs m%] ife at\ha&hﬁq yt@f thRe miWaty skeafer hofldelre hean

assenbtie 6 depopuilat iway, véhei @eCur renRae Qé a thw é&w&@f\c@efl REUECY | g

degradaggpgggd pfﬁfoarﬂ’@n%c(lfnlttge BP0 dpls swilg € Fent ed | Q¥ 1S:hg tl?egdare
assembly 6 as compared with the dummy heads 261 and 262 shown
in Figure 5. 'By disposing the counter weight 15 in the
‘vicinity of the swing center of the head assembly 6 in' this
way, the occurrence of a new resonance frequency degrading the
performance of the HDD 1 is suppressed. Figures 6 to 8 are
showing data that verifies this. Figures 6 to 8 are graphs all
-'showing the vibration change vs. the input frequency of the
head assembly 6; Figure 6 shows the characteristic of the full
population version (four magnetic heads), Figure 7 shows the
characteristic of the depopulation version using the dummy
heads 261 and 262, and Figure 8 shows the characteristic -0f the
depopulation version according to this embodiment.

In Figures 6 to 8, the frequency band 'affecting the
characteristic of the HDD 1 is 10 to 15 kHz. As shown in
Figure 7, in the depopulation version using the dummy heads 261
and 262, a resonance frequency of 11.6 kHz appears, which is
not seen in the full population version shown in Figure 6.
This is a new resonance frequency that is not desirable for the
characteristic of the HDD 1. On the other hand, the graphic
chart according to this embodiment shown in Figure 8 shows a
tendency closely analogous to the graphic chart of Figure 6
showing the full population version, and no new resonance
frequency cannot be observed in the band of 10 to 15 KkHz.
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.'Showi ng-data that verifies this. Figures 6 to 8 are graphs all shomﬁng t he
vibration change vs. the input frequency of the head assenbly 6; ure 6
shows the characteristic of the full population version (four naéﬁeghﬂﬁME

heads), Figure 7 shows the characteristic of the depopul ation version
using the dummy heads 261 and 262, and Figure 8 shows the characteristic
of the depopul ation version according to this enbodinent In Figures 6 to

8, the bang aff ti t he erlstl 10 to
15 kFEAEk§QH§R&%y ?éo;ﬁ%pﬁethgl&gp %@H§t|8w gﬁ'usﬁmf t%@
heads a6femhAy @62:118&: rmmaﬂmeiéseqaiekeymfthe ﬁlbwlpoappealfs,addmmd§
not seeg pbRothaekul | popul ation version shown in Figure 6. This is a new

resonance frequency that is not desirable for the characteristic of the
HDD 1. On the other hand, the graphic chart according to this enbodi nent

spown An Iaegamﬁhaadshmbsva, uiandﬁmy ehbséliyennal t&g@udScdxmﬁéle geaghtc 1ehart
of Fi guge S e n ver and, o new resonance
Y5€ Rot QQh%H Fyl 1919 ﬂLifd qep%cﬁrﬁboriS VgLE 10 t

frequency canno Served |n an Nrgai g

2005 AEEHPERKgIWeight aééorleﬁan@étaphﬁdt Hics bh@odxemhtassaxebhpacﬁ @fsdmial y 6

é hat |aepbpaldeabhab\hﬁrsmﬁbegﬁbewgﬂ rttoxfﬁrﬁ&w.ﬁ{ Cgo 't%eorPx\{éPéQteAfitn hed
escri e odi men i.s_not attache
for thg gu%%@& lﬁéhécéfv§$b|8ﬁgn8%&°t &4 50 HﬂﬁtlghInlédﬁétéPPacﬁﬂd to

t he heé&té§béﬁﬁlﬁh@(ﬁounﬁﬁrcﬁﬁmmhﬁalbohovéha(aldarmﬁebyecpmVDtbummﬁg to

the Inﬁbga&@I71oﬁh@h§eﬁkﬁﬂyﬁ%kﬁ§ 9559839&%“é&£3%i 11@ﬁé39cﬁh3{%%%'t'0”

sha

attaching the counterf % he sid € plvo Sl der
7 on wiich P%g 11 ST (o L &?Fytpﬁ§ éuﬁ@gﬁﬁﬁ§ﬁce of a new resonance

frequency can be suppressed. [Advantages of the |nvent|on] As descri bed
above, [havaatagdanes thhlhk}%nﬁﬁ%%qnt i nvention,

As described above, -in accordance with the present invention,
the center of gravity of the head assembly of the depopulation .
version can be adjusted, while suppressing the occurrence of a

resonance frequency affecting the performance of the disk drive
apparatus.

3. Brief Description of the Drawings:

Figure 1 is a plan view showing an HDD according to the
embodiment;

Figure 2 is a perspective view showing a head assembly
according to the embodiment;

Figure 3 is a fiqure diagrammatically showing a side of the
head assembly according to the embodiment, and (a) shows a full
Ppopulation version, while (b) shows a depopulation version;

Figure 4 is a figure diagrammatically showing a side of the
head assembly according to a comparison example, and (a) shows
the full population version, while (b) shows the depopulation
version;

- 15 =



\the center of gravity of the head assenbly of the depopulation version can
"be adjusted, while suppressing the occurrence of a resonance frequency
‘affecting the performance of the disk drive apparatus. 3. Brief 2§ APR 2005
Description of the Drawings: Figure 1 is a plan view showi ng an HDD
according to the enbodinent; Figure 2 is a perspective view show ng a head
assenbly according to the enbodinent Figure 3 is a figure
di agr tlcaﬁly show si de of the head assenbly according to the
enbodi d1fa)? sH*FoR?%P%C%W VHBBuFAPWARIv dihsi dreadvhasseb)yshedmga
depopud atonvieneisnah; dbkmgyr Reddiks a figure di agrammatically show ng a side
of the head assenbly according to a conparison exanple, and (a) shows the
full popul ation version, while (b) shows the depopul ation version; - 15
28 APRRBOSLE| ofur 55 ies Grthsp%l@QWmegwaewﬁ.’remwel@yt hehheadtassemley dgi ng

a convelbrangbn dyfminBeadhvEh8ibRal hiad dEaBRLshoW na a frequency .
characteristic of vibration of the conventional“head assenbly; Figure 7 is

a graph showi ng the frequency characteristic of vibration of the
converfiomee Ieails assegbhph Blpwiend ikchea B elie sEP WG rialee driequency
char acs siiat 6y obs Yhorabhoanelonhe Read asggBly according to the

enbodi nent. [Description o rd disk drive) 2 ..
Base 3 ... Spindle 4 ... Nhgnetlc dISk 5 ... Top clanp 6, 106 ... Head

assentfigure 8 is a graph showing the frequency characteristic of
vibration of the head assembly according to the embodiment.

[Description of symbols]

. HDD (hard disk drive)

. Base

. Spindle:

. Magnetic disk
++«. Top clamp
106 ... Head assembly

. Pivot shaft holder

. Coil for VCM (voice coil motor)
9a-9c ... Arms

-

QO 9 U W N e

10a=~10d ... Suspension arms

lla-11d ... Magnetic head

12 ... Pivot shaft

13 ... VCM (voice coil motor) stator
14 ... Ramp block

15 ... Counter weight

- 16 -



7 ... Pivot shaft holder 8 ... Coil for VCM (voice coil motor) 9a-9c ..
Arns: 10a-10d ... Suspension arnms Ila-lid ... Magnetic head 12 . Pi vot

‘shaft 13 ...

Counter weight 28 APR2005 Clainms: 1. A head assenbly for data storage

devi ce,

conprising: a data storage nedia; a plurality of arns, each h

VCM (voice coil nmotor) stator 14 ... Ranmp bl ock 15 :2ﬂ APR 2005

avi ng

a head fd¥la¥e®li ng data fromand witing data to the data storage nmedia; a

swing shaft for supporting the plurality of arms and defining a sw ng

shaft axis about which the swing shaft pivots; a coil for a voice coi

mot or extended XA rlosad hes sy Sdwmfdaton onersjdedofidde compgishadt axis; a

count er wei ght sq% at a redeteaganed position on the sw ng shaft whi
R

opposite the cdt

it T

&he swing shaft axis; and the head

assenbl y havi ng appapul at¢d gonhi-ayr atdLmh SRaviAgt £aghagf fdie 9&&&%{;
arms has a head attached thereto and the counter weight is attached
ke R ARk popil e dabnfiguke | Rtz ostdBrIenngdsanme of the

SW ng

I | i f t ; i ght ,i
et ached 7 om (he Coh” ohar 1 5. SAPHEES B0s SHBl PR LIRS ot Jaha

devi ce,

S

cpinisiqiga awiaga shaftagexiedi aboatswingcls hafte t batindef shest

swi ng shaft q§is at a center of a swing notion;
pivots;

a coil for a voice coil motor extended from the swing
shaft on one side of the swing shaft axis;

a counter weight set at a predetermined position on the
swing shaft which is opposite the coil with respect to the
swing shaft axis; and

the head assembly having a populated configuration so
that each of the plurality of arms has a head attached
thereto and the counter weight is attached to the swing
shaft, and a depopulated configuration so that only some of
the plurality of arms has a head attached thereto and the

counter weight is detached from the swing shaft.

2. A head assembly for a data storage device, comprising:

a data storage media;

a swing shaft that defines a swing shaft axis at a
center of a swing motion;

a coil for a voice coil motor extended from the swing
shaft on one side of the swing shaft axis;

a plurality of arms extended from the swing shaft
opposite the coil on another side of the swing shaft axis;

a head mounted to each of the plurality of arms, each
of the heads for reading data from the writing data to the
data storage media;

a counter weight set at a predetermined position on the

swing shaft, for giving a moment to the swing shaft in a
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a coil for a voice coil motor extended fromthe swing shaft on one side of
the swing shaft axis; a plurality of arms extended fromthe sw ng 2 §hARR 2005
"opposite the coil on another side of the swing shaft axis; a head nounted
to each of the plurality of arms, each of the heads for reading data from
the witing data to the data storage nedia; a counter weight set at a

pr edet er nflhEEChbSNt PRROBALEhEC swlageshabn, ofor giowieny & ffememd toy the
swing shafg.in 2,47 R \LIB W31574.doc 2 0O APR 2005 direction opposite to
a direction of a nonent effected by the coil; and the head assenbly having

a popul ated conthguhatidorssemdlhat heachyol tgupullanad | &¥nelgargsibas «» head
attached thereto and the counter weight is attached to the swing shaft,

and a depbP@Fat®RFomb ghbst i BRUEL i REt nl Fr8snehsf  2hdqadir atiteghed ar ns
has a heaghattashethd heret ocapdebhe %Eeriémbggéchﬁgﬂeﬁgc%f%%%e

swing shaft. 3. A disk drive apparatus,” conprising: a urality o
st orage nedaht. apdda asvidenprybatdrbadonfsenbhyibdnber rdedi nognbat aoheomfand

witing d RlLurality of .data_storage dia; -wherein the hea
assenbl y g%%p ﬁ&%ﬁlgygﬁa h“)? St %r ‘F‘nsfhe haﬂg@?ﬁﬁda tﬁ’@f_c?troora?‘éa&?‘ﬁg
data fronvandteriwénghtdaia dethbRedataomt ©hagewigi ahad@tswi ng shaft for
supporting the plurality of arnms in a first direction; a coil for a voice

coil notor extended fromthe swing shaft in a second direction that is
opposite 310 thepnfaisk qfivE€CipOratRd, acSAYPL EInYei ght renovably coupled to

t he swing shaft .

a plurality of data storage media; and

a swing-type head assembly fiber reading data from and
writing data to the plurality of data storage media;

wherein the head assembly comprises:

a plurality of arms, each having a head for reading
data from and writing data to the data storage media;

a swing shaft for supporting the plurality of arms in' a
first direction;

a coil for a voice coil motor extended from the swing
shaft in a second direction that is opposite to the first
direction; and

a counter weight removably coupled to the swing shaft
and extending in the first direction; and

the disk drive having a populated configuration so that
each of the plurality of arms has a head attached thereto and
the counter weight is attached to the swing shaft, and a
depopulated configuration so that only some of the plurality
of arms has a head attached thereto and the counter weight is

detached from the swing shaft.

4. The disk drive apparatus of claim 3, wherein the
counter weight is set at a position so as to give a moment to
the swing shaft in a direction opposite to a direction of a

moment effected by the coil.
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and extending in the first direction; and the disk drive having a popul ated
~configuration so that each of the plurality of arnms has a heay ARR 909§ hed
thereto and the counter weight is attached to the swing shaft, and a
depopul ated configuration so that only some of the plurality of arns has a
head attached thereto and the counter weight is detached fromthe sw ng
shaft. 4.5The dTk& ditislke abparet wppsfradiw mcE \Weriei n 3t he wheawrdtner thei ght
is set at ition as Lo give nonent,to_the swing shaft in a
directioncg%%géft%e% ﬁg ﬁ?re%%ﬁ%% 8? 3 Sﬁ%ﬁ%ﬁtmgwggﬁted by the coil. 18 R
\ LI BW 31574. doc 2 8 APR 2005 5. The disk drive apparatus of claim 3,
wherein the counter _wej is formed of a single nenber. 6. A hard disk

ht
drive, cofprisithgtesd plifal $¥{Ver Femmpet$Endi sks; and a swing-type head

assenbly for reading-gpi@, fEomanter Wi gl fgsdataqto the magnetic disks,
wherein the head assenbly includes: a plurality of arnms each having

magnet i ¢ heads & oswingativpg dutad f assemhtywfiarn ngeadingt dattlke frometind

di sks; a ' haft_for supporting.the.pluraljity of ms; a.coil f a
voi ce coi?y%%?%g %é%%n%%dé?goﬁ??ﬁ%géﬂjﬁbggﬁafW#eéeiBUﬁggrhﬁ@?gﬁ?sﬁgﬁéyably
coupl ed tond¢hedsst ng shaft for changing a nonent of inertia of the

swi ng-type head assenmhly; and the hard di sk drive having a popul ated
configuration o PRlNEelddeh 6F tHEHI &P&H t Yavingr magRat i hés@ds t f6Ked

thereto apshd iy COMMAL S rdRi SAE W51 @l 4GCHL0at Oot BRe SHEPHt $hAKE sxand a
depopul ated configuration so that only sone of

a swing shaft for supporting the plurality of arms;

a coil for a voice coil motor extended from the swing
shaft;

a counter weight removably coupled to the swing shaft
for changing a moment of inertia of the swing-type head
assembly; and

the hard disk drive having a populated configuration so
that each of the plurality of arms has a head attached
thereto and the counter weight is attached to the swing
shaft, and a depopulated configuration so that only some of

the plurality of arms has a head attached thereto and the

counter weight is detached from the swing shaft.

7. A method of counterbalancing a disk drive apparatus,
comprising the steps of:

providing a disk drive apparatus with a head assembly
for reading data from and writing data to a data storage
media, wherein the disk drive apparatus has a plurality of
the media stacked therein, a swing shaft, and a plurality of
heads for reading from and writing to the plurality of media;

attaching a counter weight adjacent to the swing shaft
for causing the swing shaft to match a center of gravity in
the head assembly when the disk drive apparatus is one of
completely populated with heads and partially populated with
heads.
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the plurality of arns has a head attached thereto and the counter weight
is detached fromthe swing shaft. 7. A nmethod of counterbal ancing a di sk
"drive apparatus, conprising the steps of: providing a disk drivagaPRdilat us
with a head assenbly for reading data fromand witing data to a data
storage nedia, wherein the disk drive apparatus has a plurality of the
nmedi a stacked therein, a swng shaft, and a plurality of heads for reading
fromand writingnhdonbhgoR! Wealdity: of 7 medjap natt %mp&qsar@%@rs ggwf

adj acent to the swing shaft for causing the swing shaft to nmatc center
of gravitgtitaching héad cswarey ywedwht t At di gkeatid hesrmaippad aposit sonnenof
conpl et el opul. at ed.wi.t h heads and partially . popul.ated with _heads. 19

ro T e SyBEa BB S nl ko tER6e SRR Lk B uBRR R 753G fgpction
conpri si ngsthemsiwent otaustachi agrtbe erENtRinyesphttabyatpeedeter m ned
position on the swing shaft where a nonent is given in a sane direction
as a nonent caused to act on the swing shaft by the arm 9. The nethod of
claim?7, erei h t ' HS hed e ' jve .

appar at uswihs pari:}%% aﬁﬁgﬂggpﬁc{faﬁ%g% ;7 h ﬁg{aécfgé,i r}gntéIM\vihgro teuPlﬁtetqth‘becg%ﬂﬁ N

wei ght i satbzehed ohen thandiskdaérovetappaswings shafpaasiahéypbopaliatgdof
heads. 10...The od of, claim7 erein_the counter weight is . attached
when t he “(’j}glg ngég'aﬁgléir a"t’%éslt%lsn cgﬁnﬁl é:toéllrﬂtferpo"f)%%lf%dlﬁi 3@%%,0%8

wher ei n téeme cuhderofetight swing | okat edaontlae spteral i theoswhagdshaft that is
opposite the plurality of heads. 20 R \LIBR*31574 doc

10. The method of claim 7, wherein the counter weight is
attached when the disk drive apparatus is completely
populated with heads, and wherein ~“the counter weight 1is

located on a side of the swing shaft that is opposite the

plurality of heads.
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