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ASSEMBLY APPARATUS FOR DI SK RECORDI NG APPARATUS BACKGROUND OH m MW"@WQ
| NVENTION 5 The present invention relates to a nmethod of assenbl “H%m% |
recordi ng apparatus and an assenbling apparatus for the same. A wde

vari ety of nobdern conputers, such as persgnal conputers, desktop

conput ers, notebook-type 10 conputers, use di sk recordi

appar g_t uses as nmenori es for storing a gr ezt geal of infor FFUW,,’MM,@W@W

bl ural 11y of magnetc i sk ar t4106a ot 1k GPVENRIBRET | 6 hvad asSie i cs,

magnet i ¢ head 1 BrCEHBbYalRGGR AN AREE Y A AR AR R ol TP rom t he

magneti c di sk. §E§ORB?38 gﬁgﬂﬁhgﬁssupports t he magnetic head assenblies
re rve

for novenent e nmagnetic disks and serves 20 to nove themto

desired tracks on the disks. JhexoRemnehi SFrdtgksSiRventibfied on the

cylindrical hub of a spindle notor and are supported coaxially wth one

another apd in 5paCe@h'ea){)‘?‘c'é%en'fh‘in%gﬁ‘%b'nc redi=es e & ARl &fr @ given
speed by driving the 25 spindle notor. The spindle notor, head actuator,

assembling a disk recording apparatus and an
assembling apparatus for the same.

A wide variety of modern computers, such as
personal computers, desktop computers, notebook-type

10 computers, etc., use disk recording apparatuses as
memories for storing a great deal of information.

A disk recording apparatus, e.g., a magnetic disk
drive, generally comprises a plurality of magnetic
disks arranged in layers, magnetic head assemblies,

15 and a head actuator. Each of the magnetic head
assembly includes a magnetic head for recording on and
reproducing information from the magnetic disk. The
head actuator supports the magnetic head assemblies
for movement relative to the magnetic disks and serves

20 to move them to desired tracks on the disks.

The magnetic disks are fitted on the cylindrical
hub of a spindle motor and are supported coaxially
with one another and in spaced layers. The magnetic
disks are rotated at a given speed by driving the

25 spindle motor. The spindle motor, head actuator,
etc., are mounted on a base.

The spindle motor has the hub that serves as



‘etc., are mounted on a base. The spindle motor has the hub that serves as 2
arotor, and a flange is fornmed on one end side of the hub. The nmagnetic
disks are fitted on the hub and sandw ched between the flange of the hub
and a clanmper that is screwed to the upper end of the hub. 5 Since a
rotating part that includes the hub of the spindle notor, clanper, and
magneti c disks rotates at high speed, its_,center of gravity nust be
coincident with the center of rotation. If“the center of gravity of the
rotating part and the center of 10 rotation are not coincident, vibration
is caused during the rotat]

on,_so that the data wite/read , accuracy for
the magnetic di &k$94Pvi 7 drigsge 11 L3 &fk-ocriﬁ‘peer&gnsdtffeer?f Sover,
a magnetic dis rive,is_often.l ocated under_.a keyboard or, pal m, 15 rest,
so that the vi b:fl "on 1GF ﬂ?@n&r%sllg iVE Yy bfela‘itreé%sorﬂ tttqbed &4y to a
user's body in |1y & on:- cqi ngi d e of ,the center of
gravity of the r%%rﬁgi[“ﬁ%%?arb te%%nt %(1%1 Ten a(glrgqeofOqj &gieaﬁ}qjocon a%sd raerf:olvagnd) Huri ng

t he assenbly of Rgnetl j rJ ri i n. Pat. Appln
KCOKAI Publicatigﬁeﬁbagk-342§%%ftgéﬁﬁggéﬁﬁﬁg;ngpéﬁbgggtggﬁg met hod for a

magnetic disk drive igypndhiLh i ghtpdr atiusideniads Macash dra
clanper for magnetic disks. In this case, however, the 25 eccentricity is
measured by near$eOfspd ndBaswiotdd, clamper, and magnetic disks rotates
at high speed, its center of gravity must be
coincident with the center of rotation. If the center
of gravity of the rotating part and the center of
10 rotation are not coincident, vibration is caused
during the rotation, so that the data write/read
accuracy for the magnetic disks inevitably drops.
In a notebook-type computer, moreover, a magnetic
disk drive is often located under a keyboard or palm
15 rest, so that the vibration of the disk drive may be
transmitted directly to a user's body in some cases.
Usually, the non-coincidence of the center of
gravity of the rotating part and the center of
rotation is removed during the assembly of the
20 magnetic disk drive. Described in Jpn. Pat. Appln.
KOKAI Publication No. 6-342578, for example, is
an assembly method for a magnetic disk drive in
which a weight for adjustment is placed on a clamper
for magnetic disks. In this case, however, the
25 eccentricity is measured by means of a measuring

device separate from the adjusting device.

Further, a correcting mechanism for dislocation



devi ce separate fromthe adjusting device. Further, a correcting nechanism
for dislocation - 3 of disks is described in Jpn. Pat. Appln. KCKAI
Publ i cati on No. 6-302099. In this correcting nechanism servo position
information that is witten on a recording nmediumis used for the
measurenent of 5 eccentricity, and the disks thensel ves are noved to
adjust the eccentricity. Described in Jpn. ,Pat. Appln. KOKAl Publication
No. 2000-268533, furthernore, is a nethod in which each disk is noved and
centered by neans of four 10 actuators. However, the conventional nethods

of assenbly and _adj ustnent descr,ibed above r ire independent adjusting
and rmeasuring dé¥i gég‘ér I3 dgSeE ihEthdm o ‘a%tq‘ﬁ:at g’l@ﬁ‘bo?"t%{aﬁl t he

adj usting operat, s .15 troubl e oc2nd the whol e equipnment is
inevitably Ilar tgPél?o@&glaé;&_onB CeF 6'8%:@%&@\? "OF Itﬂ—l%hﬁﬁ\ﬂfﬁﬁ t'?lﬁ’eg pr esent
invention has b triv i i.derat | f. .t he j r.cungt.ances, and
its object 20 ﬁ%%p%%%F%Viggrgﬁ 5@%@%%3%1ﬁ%?ﬁ%&eﬁﬁéﬂhﬁﬁﬁgééﬁ%ﬁ@”ggﬁ%ratus

for a disk record 4o ARRAALS neARAPLS Afsecatly Ypdinldndupanens i ol ty

of a rotating part. In order to achieve the above object, a net f
assenbling a di gceeeriding, appay %}Hés A HGh O R’E A2 aRRRM tf the

invention is provided as an assenbly
adjust the eccentricity.

Described in Jpn. Pat. Appln. KOKAI Publication
No. 2000-268533, furthermore, is a method in which
each disk is moved and centered by means of four

10 actuators.

However, the conventional methods of assembly and
adjustment described above require independent
adjusting and measuring devices or a large number of
actuators, so that the adjusting operation is

15 troublesome, and the whole equipment is inevitably
large-scaled.
BRIEF SUMMARY OF THE INVENTION

The present invention has been contrived in

consideration of these circumstances, and its object
20 is to provide an assembly method and an assembly

apparatus for a disk recording apparatus, capable of

easily adjusting eccentricity of a rotating part.

In order to achieve the above object, a method of
assembling a disk recording apparatus according to an

25 aspect of the invention is provided as an assembly
method for a disk recording apparatus, which comprises

a base, a spindle motor fixed to the base, a disk



met hod for a disk recordi ng apparatus, which conprises a base, a spindle
notor fixed to the base, a disk - 4 nounted on a rotor of the spindle
notor, and a clanper fastening the disk to the rotor, the method
conprising: driving the spindle notor to rotate a rotating part, including
the rotor, disk, and clanper, 5 in a manner such that the disk recording
apparatus is supported for novenent with gne_degree of freedom of
translation in a direction substantially in parallel to surfaces of the

di sk; neasuring vibration of the disk recording apparatus in the direction

Che rotating partiriRba fy (PRI DI ORaroTne i Sk W Eh
and “thedirect it mEame i v 5 SHE R g hA TS Socordance
Fel at i vel v movi ng e gike B T VY oty no parorel BF e A A
ecenbl y. appar atin Tor b B 20 G e Spr e ator B hg BB her

aspect of gthe iilyventifithd:s AEASSRID| shappadiattiscd @i fy Hskard€E9r i ng
appar atus, which conprises a base, a spindle notor fixed to the base, a
di sk nount ed on suppdrttedffort heo el evilii ane adwhres| Afpereddst edf ng t he

disk to 25 the rotor, the assenbly apparatus conprising: a linear

translation in a direction substantially in parallel
to surfaces of the disk; measuring vibration of the
disk recording apparatus in the direction of the one

10 degree of freedom of translation caused by the
rotation of the rotating part; detecting the angular
position of the disk at which vibration of a maximum
amplitude is generated; analyzing the eccentricity and
the direction of eccentricity of the rotating part in

15 accordance with the measured vibration and the
detected angular position; and relatively moving the
base and the rotating part to correct the eccentricity
in accordance with the result of the analysis.

Further, an assembly apparatus for a disk

20 recording apparatus according to another aspect of the
invention is an assembly apparatus for a disk
recording apparatus, which comprises a base, a spindle
motor fixed to the base, a disk mounted on a rotor of
the spindle motor, and a clamper fastening the disk to

25 the rotor, the assembly apparatus comprising: a linear
guide mechanism configured to support the disk

recording apparatus for movement with one degree of



gui de nmechani sm configured to support the disk recording apparatus for
novenment with one degree of - 5 freedomof translation in the surface
direction of the disk; a nmeasuring nechani smconfigured to neasure

vi bration of the disk recording apparatus in the direction of the one
degree of freedom of translation 5 caused when the spindle notor of the

di sk recording apparatus supported by the_.inear guide nechanismis
driven to rotate a rotating part, including the rotor, disk, and cl anper;
an angul ar position detecting mechanism configured to detect the angul ar

position of 10 the djsk whi ch vibration . of a maxi nmum anpljtude
generated; an a %4°§“ eqaf;r%ﬂnsgcﬁﬁjiodhrjerbqi}be andl A %T]%engE%%’ht??cffshﬁ‘i/ and
the direction of,.egcentrjcity .Qf _t rotati i haccordance with the
measur ed vi brat idolnsckgfngi tr‘i]eeasd%ﬁlgl ea anagnujlsgé %Og}sifﬁ%%%&atn% e el ati ve
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ccordance wth

rotating part to correct the eccentricity 1n e result of

the analysis b feanal i siel iRNtae il PNl olipdls andatvantages of

the 20 invention wll be set forth in the description and

in part wsgl | be dUSIHIPMHNSpGRIE it N, o PreiBYd ek | eaddesdi y
practice of the invention. The objects and advantages of the invention

may be realized apphredthal nedhgyr teansy afhd Meikdart npirdiedehddias and
conbi nations particularly
driven to rotate a rotating part, including the rotor,
disk, and clamper; an angular position detecting
mechanism configured to detect the angular position of
10 the disk at which vibration of a maximum amplitude is
generated; an analysis element configured to analyze
the eccentricity and the direction of eccentricity of
the rotating part in accordance with the measured
vibration and the detected angular position; and a
15 relative movement mechanism configured to relatively
moving the base and the rotating part to correct the
eccentricity in accordance with the result of the
analysis by the analysis element.
Additional objects and advantages of the
20 invention will be set forth in the description which
follows, and in part will be obvious from the
description, or may be learned by practice of the
invention. The objects and advantages of the
invention may be realized and obtained by means of the

25 instrumentalities and combinations particularly

pointed out hereinafter.



'pointed out hereinafter. - 6 BRI EF DESCRI PTION OF THE SEVERAL VI EWs OF THE
DRAW NG The acconpanyi ng draw ngs, which are incorporated in and
constitute a part of the specification, illustrate presently enbodinents
of the invention, and 5 together with the general description given above
and the detailed description of the enbodi ments given below, serve to
explain the principles of the invention. FIG 1A is a plan view
schematically showing 10 a hard disk drive as an object of assenbly by
means of an assenbly apparatus and an assenbly method according to an

nmbod f
FTE T o BB BRSO Bnt R ol i
appar at us h
assembl - apparatus: ARG F SR Tt e et r}”bér&c;r?p %
vi.ew a _fast.enin n
FIG 5B is a si ¢& \?lnéjk/vcgfjstscﬁgu agt gﬁ%ﬁ% IO?QC hz?aem %ectlgqéaas% :H; ; spgsvr atus;
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a“screen of an oscil oscope of t e
assembly apparatldyether with the general description given above and
the detailed description of the embodiments given
below, serve to explain the principles of the
invention.
FIG. 1A is a plan view schematically showing
10 a hard disk drive as an object of assembly by means of
an assembly apparatus and an assembly method according
to an embodiment of the invention;
FIG. 1B is a side view of the hard disk drive;
FIG. 2 is a view typically showing an outline of
15 the assembly apparatus;
FIG. 3 is a side view showing a holding mechanism
of the assembly apparatus;
FIG. 4 is a plan view of the holding mechanism;
FIG. 5A is a front view of a fastening mechanism
20 of the assembly apparatus;
FIG. 5B is a side view of the fastening
mechanism;
FIG. 6 is a view showing an eccentricity
measuring process using the assembly apparatus;
25 FIG. 7 is an enlarged view of a screen of
an oscilloscope of the assembly apparatus;

FIG. 8 is a view showing an eccentricity



'FIG 8 is a view showing an eccentricity 7 adjusting process using the
assenbly apparatus; FIG 9 is a flowhart show ng an assenbly nethod
according to anot her enbodi nent of the invention; FIG 10 is a flowhart
showi ng an assenbly nethod 5 according to still another enbodi ment of the
invention; and FIG 11 is a viewtypically showi ng a nmass- production
apparatus to which the assenbly apparatus ,according to the enbodi nent of
the invention is 10 applied. DETAILED DESéhIPTICN OF THE | NVENTI ON An
assenbly met hod and an assenbly apparatus for a disk recording apparatus
according to an_enbodi,nent  of the res%%g i_nven |on wi | | now be descri bed
n

in 15 detail mﬁ?ﬁjPé SPEnRECEESEhES 480 FERG™ }gwﬁﬁﬁgrat?ﬁé following is
d i pti f h disk d f f
s as b i okt ecor Ay Sor 4 SRR B e gl SR i h i e the O
assenbl y apparaggg gﬁ?TgpQE'?ﬂotﬁgrAﬁm QWReh@ BECPneld 1P dad 1By, the HDD 10
0 ar plate tha
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a base. Munted on ”ﬂ%Gca% hady, %{%o%rc%afr“&o s'i‘x%%ﬂ%tg' Gn %‘s%‘% §/a obftb for
use as recording nmedia, 25 a spindle notor or “supporting otatlng
these magnetic,digk8ingNdom™Beneli anBeads LBobAimeaeOLE RHON
invention; and
FIG. 11 is a view typically showing a mass-
production apparatus to which the assembly apparatus
according to the embodiment of the invention is
10 applied.
DETAILED DESCRIPTION QOF THE INVENTION
An assembly method and an assembly apparatus for
a disk recording apparatus according to an embodiment
of the present invention will now be described in
15 detail with reference to the accompanying drawings.
The following is a description of a hard disk
drive (hereinafter referred to as an HDD) for use as
a disk recording apparatus to which the assembly
method and the assembly apparatus are applied.
20 As shown in FIGS. 1A and 1B, the HDD 10 comprises
a case body 12 in the form of a rectangular plate that
serves as a base.
Mounted on the case body 12 are two magnetic
disks 14a and 14b for use as recording media,
25 a spindle motor 16 for supporting and rotating these
magnetic disks, and magnetic heads 18 for recording on

and reproducing information from the magnetic disks,



and reproducing information fromthe magnetic disks, 8 a head actuator 20,
and a board unit 21 having a preanplifier or the |ike. The head actuator 20
supports the magnetic head for rotation and can be noved to a desired
position relative to the magnetic 5 disks. The head actuator 20 includes a
voice coil nmotor 23. The spindle notor 16 is provided with a stator (not
shown) fixed to the case body 12 and a rotatable cylindrical hub 22 that
serves as a rotor. The 10 magnetic disks 14a and 14b are nounted on the hub
22 and held between a flange of the hub and a di sk-shaped clanper 24 that

is fastened to the upper end of e hub means_ of screw 27. A spacer
g 25 whi ch 3 9SS ARG The ratF9h 2 [KORERAGR Ehedl Bt TAR% 1 he tno 15
magneti ¢ di sks 14a and b.. A reference mark 28 i.s or ned_on_t cl anper
24. As shown in EIRECTPHEIGE err%/e g%o]é? at uﬁhe c%?r%%i%%%uaat%aggri ng

nmechani sm 100 fosru i 4 eegfg%%gfgfrgrg{%ﬁ%%@tér@ ggﬁt?%g t he HDD

10, 20 a relative venent  nechani sm r y —noving

magnetic disks 1ga,apd J14b ﬁ%%ﬁﬁ%#&?dﬁ’e%f\%?ﬁ% : e lR€gnetic.

eccentricity, and a control _ or control ['ir ese frechani sns.
The neasurg ng meghand sMAQD 1LOAPrd S8sa ot | @ainc Zadyli deydrsdbagh sm 50, an

angul ar position detecting nechanism 101 for detecting the rotational
angl e of motor 23.
The spindle motor 16 is provided with a stator
(not shown) fixed to the case body 12 and a rotatable
cylindrical hub 22 that serves as a rotor. The

10 magnetic disks 14a and 14b are mounted on the hub 22
and held between a flange of the hub and a disk-shaped
clamper 24 that is fastened to the upper end of the
hub by means of a screw 27. A spacer ring 25, which
is fitted on the hub 22, is sandwiched between the two

15 magnetic disks l4a and 14b. A reference mark 28 is
formed on the clamper 24.

As shown in FIG. 2, the assembly apparatus
comprises a measuring mechanism 100 for measuring
the eccentricity of a rotating part of the HDD 10,

20 a relative movement mechanism 200 for relatively
moving the magnetic disks 1l4a and 14b and the case
body 12 to adjust the eccentricity, and a control
element 80 for controlling these mechanisms.

The measuring mechanism 100 comprises a linear

25 guide mechanism 50, an angular position detecting
mechanism 101 for detecting the rotational angle of

each magnetic disk, and a vibration amplitude



each magnetic disk, and a vibration anplitude 9 detecting nechani sm 150
for detecting the vibration anplitude. The |inear guide nmechani sm 50 has
one degree of freedomof translation in the horizontal direction
indicated by arrow C, for exanple. 5 The l|inear guide nmechani sm 50
constitutes a common conponent for the relative novenent nmechani sm 200.
The Iinear guide mechanism 50 has a rectangular stage 48 that can be
translated in the direction of arrow C on"a floor surface. The HDD 10 is
fixedly 10 nmounted on the stage 48 by fixing jigs 51. The HDD 10 fixed on

the stage 48 is vabl.e to er, W the urface

di rection of thg”%ﬁﬁgéﬂgc E&Sal?slsﬁéggng%ﬂﬁit qﬁ%cetlnq htehé’%irra&fﬁrbn in
parallel to the urf S of .t he net i dj s e .angul ar__position
detecting nechan% %& COH%TI%gg% ﬁﬁﬁé%%ﬁ\ %bﬁj%bégb%aflﬁngs a first

sensor for detegti %% ol g refere c%fn%&%ﬁ%q angd 2 s W@' ﬁiﬁ% riving the

sane. The sensor 'ocated over 't anper 0O that is

20 nounted on t@%r%%%&%n4§nd[@%t%HF ﬁg W T,Cae gp the control
el enent 80 through an oscilloscope 8 a fast Fourlé} transf or ner

(her el nal ger T el adncke 3% 5 BETheenahitear 52 cofie Mdveal LoR gl ¢ ude
det ecti ng nechani sm 150 25 conprises an accel eration pickup 151 that is
attached to oneogpdnehtt Forsthge rédatitvie hesReent dddnainiBwi PYO.

The linear guide mechanism 50 has a rectangular
stage 48 that can be translated in the direction of
arrow C on a floor surface. The HDD 10 is fixedly

10 mounted on the stage 48 by fixing jigs 51. The HDD 10
fixed on the stage 48 is movable together with the
stage 48 in the surface direction of the magnetic
disks 14a and 14b, i.e., in the direction in parallel
to the surfaces of the magnetic disks.

15 The angular position detecting mechanism 101
comprises a photoreflector sensor 110 as a first
sensor for detecting the reference mark 28 and
a driver 111 for driving the same. The sensor 110 is
located over the clamper 24 of the HDD 10 that is

20 mounted on the stage 48. The driver 111 is connected
to the control element 80 through an oscilloscope 81
and a fast Fourier transformer (hereinafter referred
to as FFT) analyzer 82.

The vibration amplitude detecting mechanism 150

25 comprises an acceleration pickup 151 that is attached

to one end of the stage 48 with respect to its moving

direction. The acceleration pickup 151, which serves



direction. The accel eration pickup 151, which serves 10 as a second
sensor, is connected to the control elenent 80 through an anplifier 152,
the oscilloscope 81, and the FFT anal yzer 82. The control el enent 80
controls the respective operations of the mechanisnms, 5 and serves as an
anal ysis elenent of the present invention. Further, the relative novenent
mechani sm 200 i ncludes a hol di ng nechapi5f623p, fasteni ng nechanism 201,
feed mechani sm 250, and contact sensor 251.° 10 The hol di ng nechani sm 230
can simultaneously hold the two magnetic di sks 14a and 14b. The fastening

mechani sm 201 serves to tighten and | oosen the scre 27 of the cl anper 24.
The feed rrechanias?nazﬁ?c@é}?grﬁﬁfbsoﬁ’hel%t%@%&e%am \r,1¥d‘et HPHBIY 10 t her eon,
cont act bet veen THE T Eed hdtat G hd e Sloe 7. THRG Kottt Hhani sm
ci ement 80 1 hr Gugh Bhrver Fodt A < {iihe QTR Al o ana
}EenggFagtaﬁgn1 %éﬁ?%%ﬁgfﬁSQ%§%%§%€§%5é§§?ﬁﬁu;%3%quﬁgﬁgﬁﬁ%ﬁﬁ§§Féngggrt
frame 231 hat g endsdd ddhehUriz0M A didaid Wr anh thres ol ding 25
rods 232 that extend in a direction parallel to the axis of rotation of
the di sks or themMeiddicH.
Further, the relative movement mechanism 200
includes a holding mechanism 230, fastening mechanism
201, feed mechanism 250, and contact sensor 251.
10 The holding mechanism 230 can simultaneously hold
the two magnetic disks 1l4a and 14b. The fastening
mechanism 201 serves to tighten and loosen the screw
27 of the clamper 24. The feed mechanism 250 can move
the stage 48, having the HDD 10 thereon, in its moving
15 direction. The contact sensor 251 is used to detect
contact between the feed mechanism and the stage 48.
The holding mechanism 230, fastening mechanism 201,
and stage 48 are connected to the control element 80
through a driver 204. Likewise, the feed mechanism
20 250 and the contact sensor 251 are connected to the
control element 80.
As shown in FIGS. 3 and 4, the holding mechanism
230 includes a disk-shaped support frame 231 that
extends in the horizontal direction and three holding
25 rods 232 that extend in a direction parallel to the
axis of rotation of the disks or the vertical

direction. The holding rods 232 are arranged at equal



‘direction. The holding rods 232 are arranged at equal - 11 spaces of,

e.g., 120 degrees on the circunference of a circle. Each holding rod 232
is fixed to a horizontally extending support rod 234, which is supported
for reciprocation in its axial direction by 5 means of a guide 236 that is
nount ed on the support frame 231. The hol ding rods 232 nmay be nore than
three in nunber. Further, the proxinml end _.portion of each holding rod 232
is connected to a novenent mechanism 238 tHat ~ 10 is provi ded on the
support frame 231. As the support rods 234 are reciprocated by neans of t he

novenment nechani sns 238, theref t he hol di ng.rods 232 ve in
radi al d|rectloﬁpﬁgeﬁeoﬁre§s€d'a3§ nSeIHRES FE%%Qﬁj9h¥95ﬂé§} ra

Si mal t aneous! y Reld 61 o ol £368a Py e a oot 12?% b‘égetdﬁ ing rods 232,
Al ternatively, th%OQqE%h@%llgegQQ%h%ﬁg%Bg edv&giggj%ﬁtatable
at e sane

around its cent er can eac rragnet I C gk on

Spots on each ogeRRlaReTeanoun ko 3’1n5%t%n%§c5i% e dastaning

mechani sm 201 i ovi ed with a pin f%ce wrench 20 stepplng not or
203 for ratatingehbhe 33 glutldles 2380 hied 1%”n{o|ﬂ1@1t‘é%torna|th‘é0r§dp§fb&f the
is

support franme 25 231 of thé hol ding nechani sm 230. The w ench
opposed to the alrameen334 ofrneh@B@nt0 rfode® 3PN may be more than
three in number.
Further, the proximal end portion of each holding
rod 232 is connected to a movement mechanism 238 that
10 is provided on the support frame 231. As the support
rods 234 are reciprocated by means of the movement
mechanisms 238, therefore, the holding rods 232 move
in the radial direction to be pressed against the
respective outer peripheral edges of the two magnetic
15 disks 1l4a and 14b. Thus, the disks can be
simultaneously held or released by means of the three
holding rods 232. Alternatively,~the holding
mechanism 230 may be designed to be rotatable around
its center so that it can hold each magnetic disk on
20 the same spots on each occasion.
As shown in FIGS. 3, 5A and 5B, the fastening
mechanism 201 is provided with a pin face wrench 202
and a stepping motor 203 for rotating the same. It is
mounted on the central portion of the support frame
25 231 of the holding mechanism 230. The wrench 202 is
opposed to the clamper 24 of the HDD 10 fixed on

the stage 48 so that it can tighten and loosen



'the stage 48 so that it can tighten and | oosen 12 the screw 27 with the
clanper held in place. The following is a description of the nmethod for
assenbling the HDD 10 by neans of the assenbly apparatus constructed in
this manner, especially, the 5 way of adjusting the eccentricity between
the center of gravity and the center of rotation. This adjustnent is
based on two nethods, an eccentricity 'neagyripg nmet hod and an eccentricity
correcting nethod, which will be described below. 10 The eccentricity
measuring method will be described first. As shown in FIG 6, the HDD 10

is nounted on the stage of. .the . linear guide chani sm 50 by neans of
the fixing jigs B ﬁﬁf%t“hi%? i Zt,het ar“&%ﬁiﬂ}?glcg:lﬁ Br3d4re. HOD 10, whi ch
i ncl udes 15 the nmagnet,i c disks .1l4a and 14b, cl er 24,..and hub 22 . is
orated by the spndl Bhibr s e The ipoTiBERE ¢ R heHRf 5
gravity of the r | rt,. a t f .0 ccentric with
respect to 20 gg:sﬁeﬂtﬁﬁ ‘{}hee |Dne12]re béﬁ?ﬁfgnnsgc%i;g%}géma%% rigt es with an

accel eration a, t gl : r Vi n it s e, a
is given by a = % r%?gd% _c%gl cot“{ctd_{&gJ lgp%r%oss(n%nrg{@ 4%%edalo%l:lwrfev\% (1)
25 where ¢ is thg eerenidiu@tidhg MHe dd@dBsicialy hawedtiig Rdder Mis

the total mass of 'the parts that
of gravity and the center of rotation. This
adjustment is based on two methods, an eccentricity
measuring method and an eccentricity correcting
method, which will be described below.

10 The eccentricity measuring method will be
described first. As shown in FIG. 6, the HDD 10 is
mounted on the stage 48 of the linear guide
mechanism 50 by means of the fixing jigs 51. 1In this
state, the rotating part of the HDD 10, which includes

15 the magnetic disks 14a and 14b, clamper 24, and
hub 22, is rotated by the spindle motor 16 of the HDD
itself.

If the center of gravity of the rotating part and
the center of rotation are eccentric with respect to

20 each other, the linear guide mechanism 50 vibrates

with an acceleration @, urged by the whirling center

of gravity. 1In this case, o is given by

¢ = (mew2/M)cos(wt + ¢) = agcos({wt + ¢),
¢ = mew?/M, (1)
25 where e is the eccentricity, m is the mass of the

rotating part, M is the total mass of the parts that

are moved by means of the linear guide mechanism 50,
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of Chan on detected by Subjecting tSM 50. The aCCe eccentric to the nean
cting lerati volts of the accelerate an accel eration de on is eC age
conversion b n pickup ,5h4,0 tected by centricitylé can b by the anplifier
| s2 accel eration- the Cbservé&:aeﬁ%l%ra obtained fromthe The |In order to
ob teon. anplitude of the,lipe Lain Fﬁéep@s;thgn ar gui de nmechani sm phasic
relation b on the Of the rotatY/ lgn$0,and the ¢é th@,eéyveen ClamPart' rlIC
pho per 24 is detected tigrefer 15 e@ ﬂéreékggtor sens&%'bynnggn ence
‘nark 2s Cen t 110, a nd f €Re thi gosi mheﬁdtﬁepéngpsit, i's gé?e@ng&bg
phase of the e ref erehi‘zeegrlark 28 Pho&& %&ioﬁdt@ccordi ng 19 Arheppasse ti m>
vi brations ctO 5Sensor 110 arg%ldmdpercht he time '€ Posity, Way of
anjismp 50 n eccentric

etecte
9 by Subject ; The 4 to the

10

15

20 e osciy
s i
Used for R OScope 81 hanlsm 50
Vib , € anajyg, T the p t
ratlonal mot 1s of the Fr analyzer
lon ehavio 8
The r Oof th
the lng s
ehavior of ¢1 escripthn
e o
Means ¢ b Vibrat . £ Case
25 e cce] al mot €re
®ans o SFatio Pick i etect
€ osc up 15 ed by
througy, . o Hoscopg 81, nd alyzeq ,
hen y



d the behavior of that tim1l '"notion of the linear e 20 is used for The
osci |l oscope guide leChanis al m vibrational the analysis of th r the FAT
anal 50 at The f notion, the behavior of the analyzer 82 the behav || ON ng
1s a description O the rlPtion of 25 means of the accelvibrational notto a
Case where neans of the scll eration pickup 1$1 n 1s detected by through
the ecce | OSCOPe 8/ Wien and anal yzed hy ty'1l a the center of rot c
center of the line that passes atiOn is aligned we rotating part and th a
noving 14 direction C of the linear guide mechanism50 and the |ine

passes in front qof the accel eration,pickup .151, the acceleratipn of the
vi bration has i@%rﬁFﬁFﬁﬁnﬁ P%e%b?i@égﬁﬁ& ﬂ@&@%ghﬁcﬁﬁ§Vﬁﬂh$§b§%Fﬁte val ue)
and 5 correspon tg.,the troughs of. the casine (Qor.sine). . f of the
accel eration maggeaqﬁﬁgtpF§s§%sﬁpaf53n o tﬁgm%%%¥¥$5%€%36%€¥slgéﬂihomn in
FIG 7. In ever cy f erati t; refer; BRI 8 on
the cl anper 24 %ies\}ér Ct?‘%i %gc%e@%g%?@%gmnggt it(ri:lréf }det\f??aécfl%%oht Se lgch%gﬁ)l?gfn‘ﬁggt or

sensor 110. The $@a594 vE1Qndetacli%y thaasahfneneRdRite 28130 deld vers an
i ndex signal b tothe oscilloscope 81

5 corresponds to the troughs of the cosine (or sine)
waveform of the acceleration wave a that is displayed
on the oscilloscope 81, as shown in FIG. 7. In every
cycle of the acceleration wave, the reference mark 28
on the clamper 24 never fails to pass once in front of

10 the photoreflector sensor 110. The sensor 110 detects
the reference mark 28 and delivers an index signal b
to the oscilloscope 81.
The phase difference between a trough of the
acceleration wave a and the index signal b indicates
15 the time at which the eccentric center passes in front
of the acceleration pickup 151 after the reference
mark 28 passes the photoreflector sensor 110. Based
on this, the control element 80 detects the phasic
relation between the reference mark 28 and the
20 eccentric point.

Let it now be supposed that the clamper 24 is
unfastened to shift the respective positions of the
magnetic disks 14a and 14b with respect to the hub 22,
thereby canceling the eccentricity.

25 In order to obtain the eccentricity e = 0, it is
necessary only that adjustable parts (magnetic disk,

clamper, and spacer ring) be moved for el according to



The phase difference between a trough of the acceleration wave a and the
index signal b indicates 15 the tinme at which the eccentric center passes
in front of the acceleration pickup 151 after the reference mark 28 passes
t he photorefl ector sensor 110. Based on this, the control elenment 80
detects the phasic relation between the reference mark 28 and the 20
eccentric point. Let it now be supposed tq%§ t he clanper 24 is unfastened
to shift the respective positions of the ‘Hagnetic disks 14a and 14b with
respect to the hub 22, thereby canceling the eccentricity. 25 In order to
obtain the eccentr|0|ty e = 0, ecessary only that adjustable parts
(magnetic disk, clarfper e spgﬁéﬁ)/n "™Hg) be noved for el accordlng to -
15 - e = (nmlel + nRe2 /q; e2 =0, ... (2) where mis the mass _ of

rotating part; mil, the né?s of t he adj ustabl e parts n2, the ‘madé of 5

unadj ust abl e parts (r"g% o Lotar t%%dﬁ%%y feth cﬁci%rhtp a[Crtty of ttgx e

rotating part; el, the Scentricit

eccentricity of e uaadhusLale agnks o atift%ed n tﬁ@e nllss* JF2, (1 otating
part = adjustabFE parts + dna justa e part$), and m/m el, e = a
OMnmw 2, 5 unadjustable parts (motor rotor and hub), e, the
eccentricity of the rotating part; ey, the
eccentricity of the adjustable parts; and ey,

the eccentricity of the unadjustable parts, based on

m =mj; + myp (rotating part = adjustable parts +

10 unadjustable parts), and
e = (mp/m)eq,
e = agM/mw?

(mi/m)e; =aoM/mw?,
el =aoM/m1w2, e (3)
15 (every eccentricity is supposed to be caused by
a gap attributable to the fitting of assemblies).
The behavior of the vibrational motion may be
detected in the form of speed by means of a laser
Doppler speedometer, solenoid, or microphone sensor,
20 as well as the acceleration pickup 151.
Alternatively, it may be detected in the form of
displacement by means of a displacement gauge such as
a laser displacement gauge.
In these cases, amplitudes V and X of the speed
25 and displacement are given by

v

(mew/M)sin(wt + ¢),

X -(me/M)cos (ot + ¢), e (4)



‘(mM/mel =aOM mw2, el =aOMm w2, ... (3) 15 (every eccentricity is
supposed to be caused by a gap attributable to the fitting of assenblies).
The behavi or of the vibrational notion nay be detected in the form of
speed by nmeans of a | aser Doppler speedoneter, solenoid, or mcrophone
sensor, 20 as well as the acceleration pickup 151. Alternatively, it my
be detected in the formof displacenent R§ means of a displ acenent gauge
such as a laser displacenent gauge. In these cases, anplitudes V and X of
t he speed 25 and displacenent are given by V= (mew Msin(w + 4), X =
-(me/ Mcos(co t + 4), é respectively. The following is a description
of a correcting met RS pFSFlXSFVeCtlng the eccentricity measured by the

i thod d b He d_that th
reasur 19, 100 0eoki. g, 38015, 1816 bk pREch BPRCRST AL e anole

ccoentricity el Lo, ohecarl ustedca g kpouncuaLUES  abLo! fedhy Lihg, ol gresal d

eccentr|C|ty mea%uremen as S own I n ero a part IS

o Pk el ones AERSLELR hOckE NELELSOER WBEko2® fptelJgy Spobg belveen
position &s on fhEposed that the angle between the reference mark 28
and the eccentric position and the eccentricity eq to
be adjusted are known values obtained by the aforesaid
eccentricity measurement.

First, as shown in FIG. 8, the rotating part is

10 rocked with reference to the reference mark 28 and the
angle between the reference mark and the eccentric
position so that the eccentric position is on the
opposite side from the feed mechanism 250 on the
X-axis in the moving direction C of the stage 48. As

15 this is done, the rotating part is rotated by means of
the pin face wrench 202.

After rocking the rotating part is finished, the
two magnetic disks 14a and 1l4b are simultaneously held
and fixed on absolute coordinates by means of the

20 holding mechanism 230. The magnetic disks 14a and 14b
are unfastened from the hub 22 by arresting the
rotation of the clamper 24 and loosening the screw 27
by means of the pin face wrench 202. Thereupon, the
relative positions of the magnetic disks 14a and 14b

25 and the case body 12 can be changed.

Subsequently, the stage 48 of the linear guide

mechanism 50 is pressed and moved by the feed



opposite side fromthe feed nmechanism 250 on the X-axis in the noving
direction C of the stage 48. As 15 this is done, the rotating part is
rotated by neans of the pin face wench 202. After rocking the rotating
part is finished, the two nagnetic disks 14a and 14b are sinultaneously
held and fixed on absol ute coordinates by nmeans of the 20 hol di ng
mechani sm 230. The magnetic di sks 14a and b _are unfastened fromthe hub
22 by arresting the rotation of the clanper 24 and | oosening the screw 27
by means of the pin face wench 202. Thereupon, the relative positions of
t he magnetic di sks, 14a and_14b. 25 and the .case hody 12 can be changed.
Subsequent |y, tﬁécéﬁgé§m4g5§f%pﬁg F?n@ﬁpvégﬁger%gcﬁ i SAPSESts prgssed and

d by the feed - 17 hani sm.250 _t hat | ided wi.th th tact
sensor 251. As CAPEOFs2ddne, APhDifags ABTFS fjed A6 ‘e SeBOURthicity el
to be adjusted af h : 2 . t .mith the st
45. 5 S hoo t he REGHBEI ECGEERESEAEaRD. Fn R o R Sar AL Cor FOR the hub 23

|0 the preceding REacessentBe Hohakict@ctROTohiiaRt 9f chNZHEAgRRlC 4§ sks and

the case body 12 can be adjusted by noving the stage 48. By relatively
noving the magngtiheeditpksmhdaedied di@kk4handnidhe 46A%8 DG akEeheg the

eccentricity el in this manner, the center of gravity of the rotating
part and the cefrel @her BuBt RONigakhbeprededify process, the relative
positions of the magnetic disks and the case body 12
can be adjusted by moving the stage 48.
By relatively moving the magnetic disks 1l4a and
10 14b and the case body 12 for the eccentricity ej in
this manner, the center of gravity of the rotating
part and the center of rotation can be made to
coincide to cancel out the eccentricity. After the
movement of the stage 48 is finished, the screw 27 of
15 the clamper 24 is tightened by means of the pin face
wrench 202 to fasten the magnetic disks l1l4a and 14b to
the hub 22. Then, the magnetic disks 14a and 14b are
released from the hold by the holding mechanism 230,
Thereafter, the HDD 10 is removed from the stage 48.
20 Thus, the HDD can be obtained free from eccentricity.
Alternatively, the respective centers of
a plurality of magnetic disks may be aligned with one
another by simultaneously holding the disks by means
of the holding mechanism 230. In consideration of the
25 variation in roundness of the outside diameter of each
magnetic disk, moreover, the magnetic disk may be held

by rocking the holding mechanism 230 with reference to



coincide to cancel out the eccentricity. After the novenent of the stage
48 is finished, the screw 27 of 15 the clanper 24 is tightened by neans of
the pin face wench 202 to fasten the magnetic disks 14a and 14b to the
hub 22. Then, the magnetic disks 14a and 14b are released fromthe hold by
t he hol di ng nmechani sm 230. Thereafter, the HDD 10 is renoved fromthe
stage 48. 20 Thus, the HDD can be obtaLneqj;ree fromeccentricity.

Alternatively, the respective centers of a plurality of magnetic disks may
be aligned with one another by simultaneously hol ding the disks by nmeans

Coundness of | ¢hePGuEEIAE A ABEEK OF Slch DengyAane: GloRS TRtV | he
feference t o 1880RHerder st etk U8 op e PEaTBHISH TP EnY b
care spot wi t nofeirgti® ALl 4 FFE0 A BB it e da G he assenbly
oot Tt 1y ad et masrorsiBel e Hhe (I8 SEARILI I H T HRmA,
apparat usg and Q%F@%%msr aGhrbYgbles nHik 1de slaged S Hhalcddhe raentgy  of

gravity of the rotating part and the center of 10 rotation are coinci dent

can be assenbl egdeWisiitet@se. and Reeehastienityg adiastaenet icandibek £aaiid ddhe
eccentricity nmeasurenment can be perforned by neans of

out by means of one and the same apparatus, and

an eccentricity-free HDD designed so that the center
of gravity of the rotating part and the center of
10 rotation are coincident can be assembled with ease.
Since fastening the magnetic disks and the
eccentricity measurement can be performed by means of
the one apparatus, moreover, the apparatus can also be
used as an inspection apparatus if the eccentricity
15 measurement is conducted again after the magnetic
disks are fastened. In doing this, as shown in
FIG. 10, temporary assembly may be carried out with
the clamper loosely bound in the initial stage of
assembly. In this case, the eccentricity inspection
20 is conducted again after the clamper is additionally
tightened if the inspection is passed when
the eccentricity measurement is repeated after the
first eccentricity measurement and the eccentricity
adjustment.
25 Since the assembly apparatus described above is
provided with the linear guide mechanism, furthermore,

it is applicable to an assembly apparatus for



t he one apparatus, noreover, the apparatus can al so be used as an

i nspection apparatus if the eccentricity 15 neasurenent is conducted again
after the magnetic disks are fastened. In doing this, as shown in FIG
10, tenporary assenbly may be carried out with the clanper |oosely bound
inthe initial stage of assenbly. In this case, the eccentricity
inspection 20 is conducted again after _theqclanper is additionally
tightened if the inspection is passed when the eccentricity measurenent is
repeated after the first eccentricity measurenment and the eccentricity

adj ustnment. 25 Since t%ggﬁ §gngXPu %Ea%E% d@icrlgggeaggg%ikﬁ ?&9VIded

with the Iinear™§afaB" Arsm er nore I's appfrca

assenbly appara%ﬁg 58Eeﬁg}y”gggaBEQgHCEbngrﬁgggn 1Qs%|§hgléecwg

e
specifically, € asse arat'us conpri ses |rst an secong lines A

and B for suppl yipgsHRDS,qt wo rStagaspXyang ¥ppbhak.coBshit @ bhesty and

second |inear gui anlsns respectlvely an assenbly area, and first

and second jig Eﬁﬂﬁvébn§E§%§tb 2ngsd hhat sakensi buakad g@Rdkhe opposite
sides of the assenbly area, individually. The assenbly area is provided

with the geasurjBghadfsiechasspert@feanyd theasskablye ateugnmand faekani sm
200. The stage X, which is provided with fixing jigs, can reciprocate
bet ween t he assentl yeabad and tbeofhishreas I and J that are situated
on the opposite sides of the assembly area,
individually.
The assembly area is provided with the measuring

10 mechanism 100 and the relative movement mechanism 200.
The stage X, which is provided with fixing jigs, can
reciprocate between the assembly area and the first
jig removal area I. The stage Y, which is also
provided with fixing jigs, can reciprocate between the

15 assembly area and the second jig removal area J.

While an HDD is being assembled by means of the one
stage in the assembly area, another HDD is mounted on
the other stage or the completed HDD is removed in the
jig removal area I or J.

20 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various

25 modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



"jig renoval area |I. The stage Y, which is also provided with fixing jigs,
can reciprocate between the 15 assenbly area and the second jig renoval
area J. Wiile an HDD i s being assenbl ed by neans of the one stage in the
assenbly area, another HDD is nounted on the other stage or the conpleted
HDD is renoved in the jig renoval area | or J. 20 Additional advantages
and nodifications will readily occur to 4hose skilled in the art.
Therefore, the invention in its broader aspects is not limted to the
specific details and representative enbodi nrents shown and descri bed

herei n. Accordingly, various 25 di ficati {Bde, Wi thout departing
fromthe spirit or ]%%‘bp%x%'fp][z%e ety e?ﬁgi%%e%ncept%s defi ned by

the appended cl ai and their equiy t 0; o ROLo-ex w85 t 1t shd nyent i on
is applicable t‘blg‘s TR S D n%raglplg%ra aﬁ% Jf%a[?f?s pr ovided with one or

three or nore disks, as well as [ Jecordi ng qAPParatssdima@t is
provided with t ecﬁs%.m%e W Iaaésdéié;gi MED I'S: 1. A nethod of assenbling

a di sk recordin t | by, SPMMEd PSR basedigkspi ndl e motor  fixed
to the base, a %%pagﬁj%t%%%%a%t or of the 5 spindle notor, and a

cl anper fastening the disk to the rotor, the nethod conprising: driving
the spindle notor to rotate a rotating



part, including the rotor, disk, and clanper, in a manner such that the
di sk recording apparatus is 10 supported for novenent with one degree of
freedomof translation in a direction substantially in parallel to
surfaces of the disk; measuring vibration of the disk recording apparatus
in the direction of the one degree of 15 freedom of translation caused by
the rotation of the rotating part; detectjng _the angular position of the
disk at which vibration of a maxi num anplitude is generated; analyzing
the eccentricity and the direction of 20 eccentricity of the rotating part

in accordance with the nmeasured yipratio he_ det ect ed angul ar
position; and rel atively noving t%%gﬁagg gﬁg?gﬁé ?%tating part to correct
the eccentricity in accord i I, .t of MY s 2. A
met hod of assenbling%é df%%gﬁg%%#gﬁkéﬂggﬁggfgi §1§g5%{3§%g o aim1l,

wherein the rotapbagaryg? wRath Ldmbiakedd BaACOLIARGME! e Tesult of

the analysis so tt Irection of eccentricity and the direction of
the one degree @f Jbueedomnel phianshaliian i ted Be deRlbtod WIe thiesk is

held to fix the rotating part on absolute coordinates after the rotating
part is gotatedpihbBeedindkolrs Hhbast eneschplromalshenieiortne disk to the
rotor, the method comprising:
driving the spindle motor to rotate a rotating
part, including the rotor, disk, and clamper, in a
manner such that the disk recording apparatus is
10 supported for movement with one degree of freedom of
translation in a direction substantially in parallel
to surfaces of the disk;
measuring vibration of the disk recording
apparatus in the direction of the one degree of
15 freedom of translation caused by the rotation of the
rotating part:
detecting the angular position of the disk at
which vibration of a maximum amplitude is generated;
analyzing the eccentricity and the direction of
20 eccentricity of the rotating part in accordance with
the measured vibration and the detected angular
position; and
relatively moving the base and the rotating part
to correct the eccentricity in accordance with the
25 result of the analysis.
2. A method of assembling a disk recording

apparatus according to claim 1, wherein the rotating



the rotating part fixed, the base is noved relative to the rotating part
10 in accordance with the eccentricity obtained by the analysis in the
direction of the one degree of freedom of translation, thereby nmaking the
center of gravity of the rotating part and the center of rotation
coincident, after the disk is unfastened, and 15 the disk is fastened to
the rotor after the relative novenent._ 3. net hod of assenbling a disk
recording apparatus according to claim1,“Wwherein the rotating part is
rel eased fromfixation, and rotation-of the 20 rotating part, neasurenent

f vibration, d I f, t.h t t he di t f
ccontricity aPEmRoneaEy 4Prer ™ RECH-EEE PToTE er@sl%&‘:ro'of? e a

the eccentricity _i§s.carrect gain i ce r|C|t Qf in
conformty mnth%a EVSlﬁ Sfb%%'%e?g%%éhﬁéQ lo IF fksé%ﬁ%ﬂ?ﬁb a
di sk recording g4 I hch A t 3
fixed to the bas%}%%tg%%kbnf\tl)wl}rﬁ%e %%n%agfr%t%o?)fgf ed%n?%fn %ﬂ%ta%;l&and a

clanper fixed tqdhei@iQiaehy, means of a screM/and fastenlng the disk to
the rotor, the method conpr|S|ng 5 driving the spindle notor to rotate a

rotating 5part i ncl yen@itde irotid dicsksi@nthe @Ml ing Ha-tregner such
that the disk recording apparatus is

absolute coordinates after the rotating part is

rotated, the disk is unfastened from the rotor with

the rotating part fixed,

the base is moved relative to the rotating part

10 in accordance with the eccentricity obtained by the
analysis in the direction of the one degree of freedom
of translation, thereby making the center of gravity
of the rotating part and the center of rotation
coincident, after the disk is unfastened, and

15 the disk is fastened to the rotor after the
relative movement.

3. A method of assembling a disk recording
apparatus according to claim 1, wherein the rotating
part is released from fixation, and rotation.of the

20 rotating part, measurement of vibration, and analysis
of the eccentricity and the direction of eccentricity
are repeated after the disk is fastened to the rotor,
and the eccentricity is corrected again if the
eccentricity is not in conformity with a given

25 reference value.

4. A method of assembling a disk recording

apparatus, which comprises a base, a spindle motor



‘'supported for novenent with one degree of freedomof translation in a
direction substantially in parallel 10 to surfaces of the disk; neasuring
vibration in the direction of the one degree of freedom of translation
caused by the rotation of the rotating part of the disk recording
apparatus; 15 detecting the angular position of the disk at which

vi bration of a maxi num anplitude is gener d;_ analyzing the eccentricity
and the direction of eccentricity of the rotating part in accordance with
t he neasured vibration and the detected angular 20 position; rotating the

rotating part in.accordance with the ,result qof the analysis so that the
direction of eddest it @eavﬁ\gc?st%e adidrlesﬁ‘t intﬂﬁlfﬁtf“{ R cﬁ1er%té°g‘? ébfootfhe freedom
of translation are _cgincident; 25 holding the.disk.,o fix the rotating part
on absol ute coSFdiiaed oA e ¥k a?ocléﬁnl%r?gr gfalﬁecfsto rt&eatreog:,or- /1

| ooseni ng the SELANOl, 4 e LhAIPSnd GaMVASLEN edd'% sk d HG L ot or

with the rotating part fixed, noving e ive (%’ing

part in accordapee pddl 4 he entyJ.city obtained by the 5 analysis in the
direction of the one éégree 0 reedom of translation, thereby naking the

center of sgravity ofqitike dPtiatd N RAlte astdhesarieitOfa ras@dt oty
part, including the rotor, disk, and clamper, in
a manner such that the disk recording apparatus is
supported for movement with one degree of freedom of
translation in a direction substantially in parallel
10 to surfaces of the disk;
measuring vibration in the direction of the one
degree of freedom of translation caused by the
rotation of the rotating part of the disk recording
apparatus;
15 detecting the angular position of the disk at
which vibration of a maximum amplitude is generated;
analyzing the eccentricity and the direction of
eccentricity of the rotating part in accordance with
the measured vibration and the detected angular
20 position;
rotating the rotating part in accordance with the
result of the analysis so that the direction of
eccentricity and the direction of the one degree of
freedom of translation are coincident;
25 holding the disk to fix the rotating part on
absolute coordinates after the rotating part is

rotated;



coincident, after the disk is unfastened; and tightening the screw of the
clanper to fasten 10 the disk to the rotor after the relative novenent.

5. An assenbly apparatus for a disk recordi ng apparatus, which conprises a
base, a spindle notor fixed to the base, a disk nounted on a rotor of the
spindle notor, and a cl anper fastening the disk to 15 the rotor, the
assenbly apparatus conprising: a |inear_gyde mechani smconfigured to
support the disk recording apparatus for novenent with one degree of
freedomof translation in a direction substantially in parallel to

surfaces of the disk;, 20 a.ne rin hani.sm configqured to ure
vi bration of the dis%qaﬁﬁﬁll 3§§%5%?£%ﬁ§%?$ﬁﬁu§i%ﬁé%%ﬁ¥%ﬁnba’ '€ one

degree of freedqm.ofy; ARSI Al i Laused, hen e SRINdlE Jmioregledhe di sk
e nechanrsmis

recording apparatus supported by the |inear guide driven
to rotate a rotating Rafitng itHd WHAW AdBdidTo 1HS ko B ] FIMEF 51,80

angul ar position detecting nmechanism?25 configured to detect 'the angul ar

position of the @chdaRiceVhih Whr aldcemtdfi A tRopRsIIdy iR is
generated; an analysis elenent configured to analyze the eccentricity

and the directi emaQfysaecant thel i refct ildre Jfottald REePAdgride JAT ErdRFRE W t h
the nmeasured vibration and the detected angul ar position; and

of translation, thereby making the center of gravity

of the rotating part and the center of rotation

coincident, after the disk is unfastened; and

tightening the screw of the clamper to fasten

10 the disk to the rotor after the relative movement.

5. An assembly apparatus for a disk recording
apparatus, which comprises a base, a spindle motor
fixed to the base, a disk mounted on a rotor of
the spindle motor, and a clamper fastening the disk to

15 the rotor, the assembly apparatus comprising:

a linear guide mechanism configured to support
the disk recording apparatus for movement with one
degree of freedom of translation in a direction
substantially in parallel to surfaces of the disk;

20 a measuring mechanism configured to measure
vibration of the disk recording apparatus in the
direction of the one degree of freedom of translation
caused when the spindle motor of the disk recording
apparatus supported by the linear guide mechanism is

25 driven to rotate a rotating part, including the rotor,
disk, and clamper;

an angular position detecting mechanism



a relative novenent nechanismconfigured to relatively noving the base and
the rotating part to 10 correct the eccentricity in accordance with the
result of the analysis by the analysis elenment. 6. An assenbly apparatus
for a disk recording apparatus according to claimb5, wherein the relative
novenent nechani smincludes a fastening nmechani sm 15 configured to rotate
the rotating part so that the directiaon ofc eccentricity and the direction
of the one degree of freedomof translation are coincident and to tighten
and | oosen the clanper, a holding nechanism configured to hold the disk to

fix the rotatin r.t 20 on absol ute coordi nates after, the ati art is
rotated, and a 1%82% TRt md@gr‘ﬁcitg&?l&datn@ eﬁor?é‘ecﬁqrhé)zf;%\.ﬁ &QL%IP
mechani smrel ati_ye he .r ot at.i ng rt i he direction.of the one degree
of freedom of tFangng%o%F%rfgl?p ﬁagkggﬁgﬂ§mhﬁglﬁa%ﬁgg?&5 a disk

recordi ng appar qQrding to claim®6, wherein the holding mnechanism
i ncl udes a pIurgﬁﬁgéa%%%Holding rods, 26 extending parallel to the axis of

rotation of the disk zrang /Muahl @1l Wi Jdtedigk ddnithe rad al

direction, and nmovenment mechani sms configured to press the holding rods
agai nst the out @cReririkeryl sedgenef dirddta i I e dweltd itdia yick. 8. An

assenbly apparatus for a disk recording apparatus according to claimb5,
wherei n the angth&r rotating part in accordance with the measured
vibration and the detected angular position; and

a relative movement mechanism configured to
relatively moving the base and the rotating part to

10 correct the eccentricity in accordance with the result
of the analysis by the analysis element.

6. An assembly apparatus for a disk recording
apparatus according to claim 5, wherein the relative
movement mechanism includes a fastening mechanism

15 configured to rotate the rotating part so that the
direction of eccentricity and the direction of the one
degree of freedom of translation are coincident and to
tighten and loosen the clamper, a holding mechanism
configured to hold the disk to fix the rotating part

20 on absolute coordinates after the rotating part is
rotated, and a feed mechanism configured to move the
linear guide mechanism relative to the rotating part
in the direction of the one degree of freedom of
translation.

25 7. An assembly apparatus for a disk recording

apparatus according to claim 6, wherein the holding

mechanism includes a plurality of holding rods,



‘position detecting mechani smincludes a first sensor configured to detect
a reference mark on the clanper 10 and output an index signal, the
measuri ng mechani sm includes a second sensor configured to detect the
anplitude of the vibration of the disk recording apparatus, and the

anal ysis el ement includes neans for analyzing the angul ar position for the
maxi mum 15 anplitude according to the phase difference between detection
signals fromthe first and second sensors. 9. An assenbly apparatus for a
di sk recording apparatus according to claimb5, which further conprises an

bl ided with ' 20 hani I Pt
ot octi g mochaRfLR{a BaPgEre Bl chent PeaRd LPel bt b roveEn: Thechastsm
first and Secongngiﬁoﬁ%ﬁﬁgakeﬁéﬁﬁ%eskb“%&%ddﬁgkt@ﬁ tBEpQEEEﬁlsides of the
assenbly area, rrndivrdualTy, "a tirst Tinear gui dé nmechani smnovabl e between

the 25 assenb'&iééﬁeieﬂd gngigkeaﬁehkngEHexagmgr%an%ﬂgur%ap§§Lgr%%s

attachi ng and detaching fh recording apparatus in the t ]J1g

removal area, atrfeCABU4ZAg kbASahqayhde FBehankem pryapher-het wage bke
assenbly area and the seCond jig renoval area and capable of attaching

and detachi ng t hpeddskkr eeondingotappaiakys in the second jig renoval area,
a first line 5 configured to supply the disk recording apparatus to the

first |linear gui de meéchannsassembayedppbarbhesf ifost a jdigkr ervaldiagea, and a
second line configured to

apparatus according to claim 5, wherein the angular
position detecting mechanism includes a first sensor
configured to detect a reference mark on the clamper

10 and output an index signal, the measuring mechanism
includes a second sensor configured to detect the
amplitude of the vibration of the disk recording
apparatus, and the analysis element includes means for
analyzing the angular position for the maximum

15 amplitude according to the phase difference between
detection signals from the first and second sensors.

9. An assembly apparatus for a disk recording

apparatus according to claim 5, which further
comprises an assembly area provided with the measuring

20 mechanism, angular position detecting mechanism,
analysis element, and relative movement mechanism,
first and second jig removal areas situated on the
opposite sides of the assembly area, individually,
a first linear guide mechanism movable between the

25 assembly area and the first jig removal area and

capable of attaching and detaching the disk recording

apparatus in the first jig removal area, a second



supply the disk recordi ng apparatus to the second |I|inear guide mechani sm
situated in the second jig 10 renoval area. 10. An assenbly apparatus for a
di sk recordi ng apparatus, which conprises a base, a spindle notor fixed
to the base, a disk nounted on a rotor of the spindle notor, and a cl anper
fixed to the rotor by 15 means of a screw and fastening the disk to the
rotor, the assenbly apparatus conprising:,-a |linear guide mechani sm
configured to support the disk recording apparatus for novenent with one
degree of freedomof translation in a direction 20 substantially in

paral lel to surfaces of, the flsl, . a mRasuiing eehan smeoniiguned to

nmeasure vibration o hée ~di cordi ng apparatus 1n the (g i‘on of the

one degree of fragggo%(af t reag%lcghidoa eiglalf%%%Megr%gte ﬁ%%: i%%!?%bq%t Qr of the

di sk recording appar at us suppor by nmeans 0 near gui de

mechani smis dri;yen hQ ng0LAke oR ththdhigN® HRadisk VARl Hling ta%%a_rr%tt%s’ di sk,

and cl anper; 28 an angul ar position detecting nechanism™ configured to

detect the anguliar tp@siskl@ndoR ilfhe ot iareah)i gh piidyratiigre of a nmaxi num
anplitude is generated; 5 an analysis elenment configured to anal yze the
eccentricety aneéochlife giredCtiocoBudblecetrt Higkt ¥etlordigg appirat@ispaid in

accordance with the neasured
the first linear guide mechanism situated in the first
jig removal area, and a second line configured to
supply the disk recording apparatus to the second
linear guide mechanism situated in the second jig
10 removal area.

10. An assembly apparatus for a disk recording
apparatus, which comprises a base, a spindle motor
fixed to the base, a disk mounted on a rotor of the
spindle motor, and a clamper fixed to the rotor by

15 means of a screw and fastening the disk to the rotor,
the assembly apparatus comprising:

a linear guide mechanism configured to support
the disk recording apparatus for movement with one
degree of freedom of translation in a direction

20 substantially in parallel to surfaces of the disk;

a measuring mechanism configured to measure
vibration of the disk recording apparatus in the
direction of the one degree of freedom of translation
caused when the spindle motor of the disk recording

25 apparatus supported by means of the linear guide
mechanism is driven to rotate a rotating part,

including the rotor, disk, and clamper;



'vibration and the detected angul ar position; and a relative novenent
mechani sm configured to 10 relatively noving the base and the rotating
part to correct the eccentricity in accordance with the result of the
anal ysis by the analysis elenent, the relative novenent nechani smi ncl udi ng
a fastening nechanismconfigured to rotate the 15 rotating part so that the
direction of eccentricity and the directi,gn of the one degree of freedom
of translation are coincident and configured to tighten and | oosen the

cl anper .

an angular position detecting mechanism
configured to detect the angular position on the disk
in which vibration of a maximum amplitude is
generated;

5 an analysis element configured to analyze the
eccentricity and the direction of eccentricity of the
rotating part in accordance with the measured
vibration and the detected angular position; and

a relative movement mechanism configured to
10 relatively moving the base and the rotating part to
correct the eccentricity in accordance with the result
of the analysis by the analysis element,
the relative movement mechanism including
a fastening mechanism configured to rotate the
15 rotating part so that the direction of eccentricity
and the direction of the one degree of freedom of
translation are coincident and configured to tighten

and loosen the clamper.



