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APPLI CATION 5 This application clainms priority to a U S. Plavi ZD
Application Serial No. 60/075,888, filed February 25, 1998 and entitled
"H GH SPEED DI SC STACKER'. FIELD OF THE | NVENTI ON 10 The present invention
relates to an apparatus for assenbling conponents of a data storage
system In particular, the present invehtion relates to an inproved
assenbl y apparatus for high_speed assenbly operations. BACKGROUND OF THE

| N\VENTI ON 15 Data storage s}?&m @%?%PQOD%YBGE digitally encoded

i nformati on PORIICOMPONENTSS OR'AYDATA STORAGEC SYSIEMBANG MEPHODPOP' t ed
relative to the discs to read Mﬁ ,ﬂﬁl@#@ and fromdiscs. Discs are
supported for rotation by a spi re. §IIy a 20 data storage
systemincl udes a pl QRO$SYREFERENCEcT@O REIATESU HATEOMtI ve to the

spi ndl e tor which ar sep ! . Spa s . to__.forma disc stack. D sc
st acks glr)e assenbl y bgmh’rﬁ; eskgtl;%fbcyésoggn%ﬁ’ﬁ@sdip§:€s°ra1ntt¥ stacear 58‘ A the
spi ndl e not oProf&sdumaiat Appddwiatdonm§ebialis@th & 060¢926HI888 ,di ELtednd
spacers. Aut g:g%tr%grquviﬁs 3§ ﬁypgﬁal Iy tg_p_q_regt eq, r%bo%ygésonnel.
Producti on personne opet ate ? e apparaPus and | oa e assenbly
conponents PPRCKER DI y. | n past apparatus, the apparatus may 30 renmain
idle while production personng{gtfagrCoHRORENTTON assenbly, thus,

Iinitin% production capacity. IS, .
0 The present invention relates to an apparatus

for assembling components of a data storage system. In

{ particular, the present invention relates to an improved

assembly apparatus for high speed assembly operations.
BACKGROUND OF THE INVENTION ]

15 | Data storage systems are known to store
digitally encoded information on discs. Heads carrying
transducer elements are supported relative to the discs
to read and write data to and from discs. Discs are
supported for rotation by a spindle motor. Typically a

20 data storage system includes a plurality of stacked
discs supported relative to the spindle motor which are
separated by spacers to form a disc stack. Disc stacks
are assembly by alternately assembling discs and spacers
on the spindle motor.

25 Automated devices may be used to assemble
discs and spacers. Automated devices are typically
operated by production personnel. Production personnel
operate the apparatus and load the assembly components
for assembly. In past apparatus, the apparatus may

30 remain idle while produétion personnel load components
for assembly, thus, limiting production capacity. It is
desirable to increase production capacity and assembly
speed for such automated devices for increased disc
drive production.
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desirable to increase production capacity and assenbly speed for such

aut omat ed devices for increased disc drive production. .
FTTETETETEEVELTEVERTENVEEIVELTHENTTTT *166166* *@00002* 15 AU& éozﬁé -2 Disc
drives are typically assenbled in "clean roons” to limt exp0Os GtZU@@st
and debris. It 1is desirable to |imt excessive handling of assenbly - .
conponents to reduce damage and contam nation of 5 conponents. The present

i nvention addresses these and ot her proBrens, and offers other advantages
over the prior art. SUMVARY OF THE | NVENTI ON The present invention relates
to an apparatus 10 for af¥dfbl GFdVESpeRent EYBLCR1dN 2 ass@myedy sitem
-Asselrﬂf)ljyt con::oa]gaha thfbmbﬁute:d mmi? eec@?@ne@t tat a:.y%&ean@l@ﬂwl-lirsteﬂv\a?éol y
coupled to the frane o e,apparat.us or _supporti a plura

conponent sta&ﬁs4%ﬁlr§9i%nﬁ?eg%ﬁﬁﬁnﬁﬁﬁgs%ﬁ%gaﬁﬁgpgaﬁgi?£|G&é y
assenbly 15 devimpeneatpl edd 0 tdtna®npiamade staidgecortaningeion of
sequenti akly i co e il 3 nl gaded conponents
in a dat agstoggggggfgt%gm %e% IBe{:ps)epara ?ﬁ%ﬁt%ﬁ?%gsﬁggﬁﬁggﬁagﬁ@,
product i on angthepegtraoisisamnd) yand0 cEfieEs BRSOR PEAGENCRJRE ORAW MBS FIG 1
s a perspect'¥go¥igwtgf an enbodiment of a disc drive. FIG 2 is a
Cross-section

view as taken along lines 2--2 of FIG |I. 25 FIG 3 is a
perspective view of an enbodiSHBARY, (0L, [THE SINVENTEONar at us of the present

i nvention. The present invention relates to an apparatus

10 for assembling components of a data storage system.
Assembly components are housed by a component storage
member removably coupled to the frame of the apparatus
for supporting a plurality of component stacks for
automated assembly. The apparatus includes an assembly

15 .device coupled to the component storage member for
sequentially unloading components and assembling the
unloaded components in a data storage system. The
apparatus is adapted for high capacity, production and
speed assembly.

20 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an embodiment
of a disc drive.

FIG. 2 is a cross—sectional view as taken
along lines 2--2 of FIG. 1.

25 FIG. 3 is a perspective view of an embodiment

of an assembly apparatué of the present invention.
FIG. 4 is a top plan view of the operation of
the apparatus of FIG. 3.
FIG. 5 is a perspective view an embodiment of

30 a disc carousel supporting disc magazines or containers
for assembly of discs.

FIG. 6-1 is an exploded view of the components
of the carousel of FIG. 5.



FIG 4 is a top plan view of the operation of the apparatus of FIG 3.

FIG 5 is a perspective view an enbodi nent of 30 a disc cgrousel .
supporting disc nagazi nes or containers for assenbly of di sﬁsAU{B(QDGﬁl S
an expl oded view of the conponents of the carousel of FIG 5. 15 AU G 2002
-3 FIG 6-2 is an exploded view of an enbodi nent of a |latch nenber for

| at ching di sc magazines to the disc carqusel illustrated in FIG 6-1. FIG
7 is a perspective view of an enbodi ment™35 of a disc carousel base. FIG 8
Is a perspective view of__an enmhodi nent of a, djsc, nagazi ne cover ,renover.

FIG 9 is a perspective ’iGw&i2 &f absxiaded jfiew of andenbadimeat or

unl oadi ng di seg fd oratdR fieadernefor FL&tchdnigs dis&€hadartes ta oM ce
for assenbli Qgéspacers arfeil cs,in a.disc |v%. FIG 11 is an expl oded
G

view of the aS<$&fhCRTORAER ugfrated 1xcF T2 4 s an expl oded
perspective view of an Fadodi nmnta plerapemtriore catewset andelbsdiimeatef or.

FIG 13 is a rspective _view \ mbodi nent of an indexer for indexing
spacers séppo?’%e& sfpé"caé:roq“sc%‘{ kﬁ%se : 20 FIG 14 is a block diagram

illustrating autonatedBRigr & iien aoperspesisive wiew hef appaembadiment
illustrated i BthGd:i%-ql nﬁﬁg{aéﬁ&é Seddv W £8R6 el | ustrating operation of the

apparatus illustrate ] ) L ]
FIG. 9 is a perspective view of an embodiment

of an unloader device for unloading discs from

10 magazines.

FIG. 10 is an embodiment of a device for
assembling spacers and discs in a disc drive.

FIG. 11 is an exploded view of the assembly
device of FIG. 10. ,

15 | FIG. 12 is an exploded perspective view of an

embodiment of a spacer carousel and base therefor.

FIG. 13 is a perspective view of an embodiment
of an indexer for indexing spacers supported by spacer
carousel.

20 FIG. 14 is a block diagram illustrating
automated operation of components of +the apparatus
illustrated in FIG. 3. .

FIG. 15 is flow chart illustrating operation
of the apparatus illustrated in FIG. 3.
25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention relates to a system and
apparatus for assembling a disc drive or data storage
device. In particular, the present invention relates to
a system and apparatus for assembly of a spindle motor

30 for supporting discs of a data storage device as
illustrated in FIG. 1. As shown, the data storage
device 100 includes a base 102, a disc stack 104, an
actuator block 108 and a voice coil motor 110. The
actuator block 108 supports heads 112 (only one shown in



25 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present invention
relates to a systemand apparatus for assenbling a disc drive or data .

storage device. In particular, the present invention relateﬂ o] Lﬂizﬁﬁkfn]
and apparatus for assenbly of a spindle notor 30 for supporti AA a
data storage device as illustrated in FIG 1. As shown,: the data storage

devi ce 100 includes a base 102, a disc stack 104, an actuator block 108
and a voice coil nmotor  110. The actuatoT Bl ock 108 supports heads 112

(only one shown in_15 AU_G 2002 rel tive to the disc stack 104.
The voi ce coi F1Gmoddr }'Eéalté-"c?p&oag"l g‘hﬁﬁ a'CQ‘hat Fhe) vesice ok by

novenent of t kRt uatoos &loper awﬁyab@ﬂplea ﬂbCa@h‘:ﬁalt@tﬂ”' bchQ:kPleUS I f8y heads
112 supported thereb r%%ghﬁve to sel ct ta tracks of discs.

Qperation of MRS 1 along an arquate path
circuitry 114+tocofpéddetiloac mleams A1 Buppoatmrtthaabbyl evrelakevealtang

line 2- -2 of FI stra stack 10 - 10, stack

104 |ncluses 8 &ﬁﬁ%ﬂ#t l#ﬂ E#%%gs gﬁﬁﬁgrtedéPSFaE&Obeﬁft§Faﬁ&ﬁﬁ axi s

118. Discs 11&oarlemom:ba:t ad 0 amnal heqund.ll@ st @ougslssadriloy cdongulistdey d e

base 102 of (% é€|¥¥v The spindle notor assembly includes an inner
er aft 1

shaft 122 and an ou 24. The inner shaft 15 ,122 is fixedly
secured to base 102 and Bl@er2 skimifa sepfianak O{JaQWcﬂ@ltd!ly oy edin® 3nner

shaft 122 vi aJ%%&?S& &2§11u%%4a1t2ﬁ1gf id S eddib £6£. SHP UK 'E '@é've

to outer shaft 1 and fhe outer 124 is rotated relative to
i nner shaPt 1EZaﬂK1lﬂﬁo%n$i8§QQn%NPhﬂBa%ﬁEYuG@sQ%%E%IBFGCS“PPERF?%hown

di agramat i cakby) coPpdtdkbién about axis 118. Discs 116 are rotated
' via a spindle motor assembly coupled to the base 102 of
the disc drive. The spindle motor assembly includes an
inner shaft 122 and an outer shaft 124. The inner shaft
15 122 is fixedly secured to base 102 and outer shaft 124
is rotationally coupled to inner shaft 122 via bearings

126-1 and 126-2. | '
Discs 116 are supported relative to outer
shaft 124 and the outer shaft 124 is rotated relative to
20 inner shaft 122 via motor 128. Motor 128 includes a
stator coil 130 (shown diagrammatically) coupled to
shaft 122 and rotor magnet 132 coupled to outer shaft
124, Stator coil 130 (shown diagrammatically) is
energized to rotate outer shaft 124 relative to inner
25 shaft 122. Outer shaft 124 includes a ledge 134. Discs
116 are formed of a circular member having a central
opening 136. Opening 136 is sized for placement over
outer shaft 124 so that disc 116-1 is supported by ledge

134.

30 As shown, preferably, multiple discs 116-2 to
116-5 are supported via ledge 134 and are separated by

ring-shaped spacers 138 having a central opening 140
sized for placement of spacers 138 about shaft 124. A
clamp 142 axially clamps the discs and spacers 138



shaft 122 and rotor nmagnet 132 coupled to outer shaft 124. Stator coil 130
~(shown diagrammatically) is energized to rotate outer shaft 124 relative
to inner 25 shaft 122. Quter shaft 124 includes a |edge 13 é% q@%p are
formed of a circular nenber having a central opening 136. eni'ng

sized for placenent over outer shaft 124 so that disc 116-1 is supported
by |l edge 134. 30 As shown, preferably,gnultiple discs 116-2 to 116-5 are
supported via | edge 134 and are separated by ring-shaped spacers 138
having a central opening 140 sized for placenent of spacers 138 about

saft 12drehariATPe 42 aulal lyng! S ohipotiscs; and spacens, 138.40.40 C
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and has particular application for assenbling a disc stack 104. An

enbodirenpagt ighlagpsiacu$tads mwmgiwnsmét@t&ws illustrated in
FIG 3. 10 Apparatu%h%§ gggngs%ﬁYéégggn tcargysghﬁéﬁétadspacer
y “de

assenbl y device 156 carouse and | SC asse Vi ce

160. The appeamblys H@@aﬁauugﬁiand ehaxnﬂ@axtucﬁbarstapﬁloﬁaamonnasaenbled
disc drive 161 _which is, supported alongpg conveyor 162, Discs are stored
15 by t he2§s88bddngueldis®-3tark 188-2 |9ﬁaa%|§EPaHFFV§ Di sc

from caroyssl 238ede1 185 % ' gocalrd Lo Pi%.gst’:gfn%ﬁ’éds%}?o%&%d vha

conveyor 162 by disc as Int odi ment shown,
mul t il e dpperasususkdo 1nc1udes a frame 152, spacer carousel 154,

spacer assembly device 156, disc carousel 158-1, 158-2 and
disc assembly device 160. The apparatus 150 is used to
agssemble a disc stack on an unassembled disc drive 161
which is supported along a conveyor 162. Discs are stored

15 Dby the disc carousel 158-1 and 158-2 for assembly in a disc
drive. Disc from carousel 158-1, 158-2 are assembled in
disc drive supported via conveyor 162 by disc assembly
device 160. In the embodiment shown, multiple disc carousel
158-1, 158-2 are included and each are removably coupled to

20 apparatus 150 for continuous assembly operation for high
capacity production as will be explained.

Spacer carousel 154 supports a plurality of
gspacers 138 for assembly. After a disc is loaded on ledge
134, a spacer 138 is unloaded from spacer carousel 154 by

25 spacer assembly device 156 and inserted on top of disc 116-
1 for assembly of adjacent discs 116-2 to 116-n. The
thickness of spacer 138 is sufficient for desired spacing
between discs for operation of read/write heads.

Typically, discs are packaged and distributed in

30 disc magazines 172 or cassettes. Disc magazine 172 supports

a coaxially aligned series of discs 116 and is



158-1, 158-2 are included and each are renovably coupled to 20 apparatus

150 for continuous assenbly operation for high capacity prc‘g ct, i1
be expl ai ned. Spacer carousel 154 supports a plurality of 5 Aligl%%\no

assenbly. After a disc is |loaded on | edge 134, a spacer 138 is unl oaded
from spacer carousel 154 by 25 spacer- assenbly device 156 and inserted on
top of disc 116- 1 for assenbly of adjacent discs 116-2 to 116-n. The

t hi ckness of spacer 138 is sufficient f or6édesi red spacing between discs

for operation of read/wite heads. Typically, di‘ses are packaged and
di stributed i f10S€ddi BY n%ga'fﬁ%‘éa@” cﬁ°‘6%1§sét7t4e-s DRS¢ Wehstretady

supports a Cééifbﬁls@lsah'w smsez flémé"l\béb‘ pogti & éﬁu&h&ﬁ

cl osed by a repovabl e cover straqt- carouse s 158 158- 2
removabl y supgéﬁf‘ é“ﬂ&q}’r’é???y 312 dl%.%eﬁ%@%& Yestheo appaziatug, 150 (9%
appar at us 150th& ;imemesmt;enmiemlmmawmuyl remoEey esoveswer7474 S
via cover._renpval assenbﬁl @5_ qn&a rg unl Qaded from g égo er ed
magazi ne 172 V8 GPYETLREBRYS: 256 Y 4d8envPySCE aFE YBLoadE °That a
singl e disc i an umaoaderedt madazine S3dCerviassdiislcy mllbadeftSaS@ndfcnﬁ- sc
assenbly 10 | 0 al tglay a qﬁ?aﬁsla 16 in
disc drive 16 geg'st])'ys é‘f‘h&g gr?&aségr%g?ggarm 9% rot g[ll ng %se
192. The preséﬁé@adtﬁdaad‘isﬂ: timeve 161 is det ected by sensor 194 for

assenbly. The rotating 1192s88m§@?'086v§%%e'1®6y d?fd"&fe.é%wts 15
arm 190 between first and second operafi ositions. In the first

oper at i n}0 posflevése H6R 19bternatedy: assenile sRacesss da8.and diaes 154
and in the segpgdinORdsd Id¥iwes1610Bndt Betar IntAAde diPddd &ty r@tmt i ve

190, and rotating base 192. The presence of a disc
drive 161 is detected by sensor 194 for assembly. The
rotating base 192 of spacer assembly device 154 supports
15 arm 190 between first and second operating positions.
In the first operating position, arm 190 is supported
relative to spacer carousel 154 and in the second
operating position, the arm 190 is positioned relative
to disc drive 161. Thus in the first operating
20 position, a spacer 138 is loaded and in the second
operating position, a spacer 138 is assembled in the
disc drive 161. )
The rotating base 192 of disc assembly device
160 supports arm 190 between first and second operating
25 positions. In the first operating position, arm 190 is
aligned relative to the disc unloader 180 and in the
second operating position, the arm 190 is supported
relative to the disc drive 161 for assembly of the disc
in the disc drive. Discs and spacer are alternately
30 assembled in disc drive 161 via coordinated operation of
the disc assembly device 160 and the spacer assembly
device 156 as comparatively illustrated in FIG. 3-4.
As shown in FIG. 3, spacer assembly device 156
is aligned with the spacer carousel 154 in a first



to disc drive 161. Thus in the first operating 20 position, a spacer 138 is
| oaded and 'in the second operating position, a spacer 138 is, assenbled in
the disc drive 161. The rotating base 192 of disc assenbly dbf ¢dJG1B002
supports arm 190 between first and second operating 25 positions. In the
first operating position, arm 190 is aligned relative to the: disc unloader
180 and in the second operating positiﬁgf the arm 190 i s supported

y

relative to the disc drive 161 for assen of the disc in the disc drive.

Di scs and spacer aée altegﬁﬁ}el 30 gSs mbled in dii% drjve 161 vii

coor di nat ed SIRFETHRI PO é‘odrsttoa 28fp1Yy TRATRE 188 tHRSeBRLY,
assenbly dewltkld disc aosmablyi devycel 160t iat&lidgned| v tB- ¥heAdisbown in
FIG 3, space enpl eyi 5 i Ligned midh the spacer, carousel 154
oA firet 1950Y% o‘ﬁhg-’7‘8%%@%??&5%3&%9%&ﬁ%%%ﬁ %%%’B‘Pfh%gf or
assenbly whid didicdmdteeridisdedriee 16(R$ siblugtreatedt in tWEGHL s8~4drive in
the seco o] LN It s o] i i | Ive. As
1T ustrated P 236" 4% ddBedSiad aa tpalef 159 34 fodied £6) |

| oaded to ard¥Md@0 heaees dP2 qiahatenas LlivstresedPpyaproawld86sso t hat

arm 190 suppaif4#Jashaceso 1§§E§%riggnbhes§£e@ﬁd13@pq{s§t %Hg_t@@i Lb@8nal 1 gned

with the disc drive, and arm , . the "di,s¢c assenp evice 160 1s in the
first 10 operPRITREIRG| PPEAtAPRgARddIECaMIFD the K af Qrive ordrarmgo for
pi cking a di ¥ cofatabiiysen atsfb%nd:il?ﬁ deviee 1Eoergnf iar tHsesrd0
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of 15 di sc adshifor deiicking68 disal ifgredssieniply dirscthlt idisondrive.

Thereafter, bases 190 rotate as illustrated by arrow 198

of FIG. 4, so that arm 190 of the spacer assembly device

156 is again aligned with carousel 154 and arm 190 of

15  disc assembly device 160 is aligned with a disc drive on

conveyor 162 as illustrated in FIG. 3.

In the apparatus 150 shown, multiple carousels

158-1, 158-2 are included. The arm 190 of the disc

assembly device 160 operates between the multiple

20 carousels 158-1, 158-2. The apparatus 150 includes

multiple unloaders 180 aligned with each carousel 158-1,

158-2 for feeding discs to disc assembly device 160.

Thus, arm 190 alternately operates for multiple

carousels 158-1, 158-2. Preferably, operation of the

25 apparatus is coupled to a computer which may be

interactively controlled in cooperation with display

202, Bar code scanners 200 are preferably included for
recording control numbers for discs assembled.

As shown in FIG. 5, and previously explained,

30 carousels 158-1, 158-2 support a plurality of

prepackaged disc magazines 172 for high capacity

operation so discs do not need to be separately staked

and loaded by an operator. An example magazine 172

includes a base 210, side walls 212, 214 and opposed end



conveyor 162

carousels 158-1, 158-2 are included. The arm 190 of the disc

as illustrated in FIG 3. In the apparatus 150 shown, nultiple

devi ce 160 operates between the nultiple 20 carousels 158- 11 §5%@§ m
apparatus 150 includes nultiple unloaders 180 aligned with e r I

158-1, 158-

2 for -feeding discs to disc assenbly device 160. Thus,

alternately operates for nmultiple carousels 158-1, 158-2. Preferab

operation of

the 25 apparatus is coupl edBto a conputer which may be

interactively controlled in cooperation with display 202. Bar code
scanners 200 Warld sor2dfter abl § farmingd ahodnnexc iaMity A rivr nehbringf or
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structure is described, carousel 158-1, 158-2 may be
adapted to support alternate magazine structures.

As shown, carousels 158-1, 158-2 support

Jqultiple magazines 172 in concentric alignment for

rotary operation of carousel 158-1, 158-2 as will be
explained. As illustrated in FIG. 6-1, carousel
includes a base platform 230 and upper platform 232
supported in spaced relation via post 234 to form the
frame of the carousel 158-1, 158-2. 1Upper and lower
platforms 230, 232 include a plurality of spaced latch
members 235, 236, respectively located about a center
axis 237 of the upper and lower platforms 232, 234 to
form a plurality of concentrically spaced magazine
stations. Magazines 174 are supported at magazine
stations about axis 237 via cooperating latch members
235, 236 on platforms 230, 232.

Latch member 235 is formed of a raised lip
which engages a lip (not shown) on end wall 218 and
latch member 236 is a flexible latch which is designed
to engage lip 238 on end wall 216. In the embodiment
shown, latch members 235, 236 are supported about the
perimeter of upper and lower platforms 230, 232 which
are hexagonal shaped to form six sides. Latch members
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adapted to s

upport alternate nmagazi ne structures. As shown, carousels

158-1, 158-2 support 15 nultiple magazines 172 in concentrlﬁéﬁlA b for
rotary operation of carousel 158-1, 158-2 as will be explai @Eyiﬁ

in FIG 6-1, carousel includes a base platform 230 and upper

illustrated

pl atform 232

i nclude a pl
about a cent
a plurality

supported in spaced relation via post 234 to formthe 20
frame of the carousel 158-1, 158-2. Upper and |l ower platfornms 230, 232

urality of spaced latch merers 235, 236, respectively |ocated

er axis 237 of the upper and Iome latforns 232, 234 to
@&sﬁ& st:hﬁu &ix RAges nke 174

8B5eon22ht ax& AR

‘form

are suppor t egyral i R0 a3 tadd ﬁtﬂ@r&@@mﬁs %@u@%yw@&p&%ﬁmé@ekawh
menbers 235, 23

pl at f 232. Lat nber 235 d of a
raised lip Rﬁl?ﬁaéﬂﬁﬁﬁﬁ% %§$B g?got gﬁGﬁﬁfe Jlmmh QZQS uaes| at ch
& hahdayd 240! gbeh 1edimg Sam&sm@neddiﬁgeagmduspaﬁ%@n end

nmenber 236 i
wall 216, In

about thd p8PE

thaﬁmmmnmﬂ shown, latch nenbers 2

5, 236 are supported
¢PTof upper and | ower platforns 230, 232 which are

hexagonal shaped to forFEGS X &+esnd Léx+Z hi Iawdier st 4 51 £4LKS wéitiBer - 93835, 236

are incl uded
about the ou
i ncl udes

Py ot upes b iBFakS, 282 A EafsHiaRerd 00hes

a RBaddl e Béﬂchorplama\dl 24 2anthohhdesi mpuatdarpuseh &6 &nd

Bich paie SH3iSes | 288k f&?k'¥§5%95€§4?“ﬁ?atcﬁb g bR ARE 0

mount i n§Opi n

15

20

25

30

ezzr-snslndmt@l ae recers oat Phastera 23 aaudmm msgv@bhy 246

secured therein via latch plate cover 244. Rollers 248
are coupled to latch plate 242 via rod 250. Contact of
rollers 248 with lip 238 on end wall 216 biases latch
plate 242 against latch plate cover 244 to advance

.rollers 248 over lip 238. Once the rollers 248 are

advanced over lip 238 latch plate cover 244 biases the
rollers 248 toward end wall 216 to releasably secure
magazines 172 between platforms 230, 232.

In one embodiment of carousel 158-1, 153—2,
plate cover 244 is a flat plate as illustrated in FIG.
5. In the embodiment of the plate cover 244 illustrated
in FIG. 6-1, plate cover 244 includes pivot arm 252
supporting roller 254. Pivot arm 252 rotates as
illustrated by arrow 256 to allow roller 254 to
selectively engage and disengage magazines 172 at lip
238 to selectively attach and dettach magazines 172
relative to carousels 158-1, 158-2, Magazines 172 are
removably supported by the disc carousel 158-1, 158-2 so
emptied magazines 172 may be easily replaced by filled
magazines 172. Since the entire magazine 172 removably
coupled to carousel 158-1, 158-2, discs do not need to
be individual stacked on carousel 158-1, 158-2 for
assembly. '



10 extend into a recess on platform 232 and are novably secured therein

via latch plate cover 244. Rollers 248 k are coupled to Iatqgghﬁgsﬁﬁﬁ

via rod 250. Contact of rollers 248 with |ip 238 on end wal |

latch plate 242 against latch plate cover 244 to advance 15 rollers 248
over lip 238. Once the rollers 248 are advanced over lip 238 latch plate
cover 244 biases the rollers 248 toward end wall 216 to rel easably secure
magazi nes 172 between .pl atfornms 230, 23210tn one enbodi ment of carousel
158-1, 158-2, 20 plate cover 244 is a flat plate as iflustrated in FIG

5. In the enbodi nent of Cereusieks chid~144 1582 r ata¥ie i ripFe€ersbly plate

cover 244 incl&egeaBlyOlsupBeed BYPRAdd NP7008cH 28¢atRiorPt aBbit 232
rotates as illustrated by, arrow 25 ?g% Sgiow rqll er é54 to 25 selectively
|

engage and di SEREEHe TREAZIPR s aFAS 5 sgned; WithctaXePy 41 adPrand
dettach rragglzé;ebeCaIQelgelbami%tﬁlrg@ ﬁﬁddwidhalllﬁﬁaéaziﬁ& Stdbiers n@ré72
are renoyabl’ upport t | sc_catousel -158- 1, _158-2 so; ti

nmagazi nesé/172‘¥ﬂ€?/g§earé§s?? erFlBSYa%%ﬁr‘B 1PRPr eq BETLRLT R seTJ?Q.Sl X t he
entire nagaziof baze ebdlallsy itdushteadtied cinoub=tailb8ih 1358-2,7 dasws do
not need to | ndj yi du Kk rmousel - 58- enbly.
15 AUG 2002 Pﬁﬁi %%ugeﬁslp ééggl%gfgg 2%gr’e§’%rcé'€%r§ a]g)?(ilﬁ $%§3{"§[blyyas%éﬁported
by base 170 fandratsgivermboor 264ceffable R isnppoits 268rakisgided 58+t h
axis 237 for qsel e al { gni e N A I Zi stat:i f Qu

unl oad and as]é'en&%?-lo%e?gﬁ ojﬁlgglg%\egr Ceiefééllrlggg ﬁ%@i rrzg%sft Eg? ase %3@. S

i | lustrat@d ipoE@EsPn AKiE| @582 and includes a support table 260, vacuum

| ock assembly 262, Carousel 158-1, 158-2 are removably supported
on table 260 via vacuum lock assembly 262 which provides
suction via holes 268 coupled to a vacuum source 269
(shown schematically) to retain carousel on base 170 for

15 | operation. Vacuum is selectively supplied to engage and
disengage carousel. Servo-motor 264 rotates carousel
158-1, 158—2 for placement of selected magazines 172 via
cover removal assembly 176 and unloader 180 for
operation.

20 Magazines are coupled to magazine stations via
latch members 235, 236 so that the stack axis of discs
is parallel to the rotation axis. As previously
explained, unloader 180 unloads discs for assembly via
disc assembly device 160. Base 170 rotates carousels

25 158-1, 158-2 to position magazines 172 relative to the
unloader 180. In the embodiment shown, unloader 180 is
supported at a fixed elevation by frame 152. To
sequentially élign unloader 180 with each disc in
magazine 172, base 170 is movably supported by an

30 elevator assembly 270 to raise and lower carousel 158-1,
158-2 as illustrated by arrow 272 to align sequential
discs in the disc magazine with the unloader 180.

The elevator assembly 270 includes a track 274
which is fixedly coupled to frame 152 and 1ift 276 which



and a servo-notor 264. Table 260 supports carousel 158- 1, 158-2 and

~includes center post' 266 aligned with 10 rotation axis 258. $§¥Z“§glzggz
158-1, 158-2 are renovably supported on table 260 via vacuum | ock assé y

262 which provides suction via holes 268 coupled to a vacuum source 269
(shown schematically) to retain carousel on base 170 for 15 operation..
Vacuumis selectively supplied to engage and di sengage carousel .
Servo-notor 264 rotates carousel 158-1, 158-2 for placenent of selected

Magazi Nesclhid Vi fong O¥eh kAl vagsentlaodds asdornhoaderpd80 19 g

operation. 20 Magazines are coupled to nmagazi ne stations via |atch nenbers
235, 236 cswiptliest ttchel sftcR7axiandofmaliairls thepawith eviaopilhé foomatiddn axi s.

As previqysl explai.ned, unl gade 80 unl oads _di.scs for assenb via disc
esonbl y HaREer T boBhnate BN, £8° 4002 dRe e a8 MIF 210 ki 1 o
magazi nesell Bdyitladly Wea e tdned Loweadehe 188sel D7bhananeadionseail sis@amn,,

unl oader 180 is supported at a fixed elevation by frame _152. To

sequent i a8y 2alFUPPAI FAdeheI8BY ni theesAT M (17 FRyaeFnanErdovsasd 170
i s movably, %H%B.?éﬁ@f’af’y}égallﬁgnelcﬁvsaéé)r%@ééﬁé@' ¥n220 d0:& ahi§a208e! ?‘%

carousel 158-17 158-2 ustrated by arrow 272 to align~sequen
di scs i nwtilid dihec urdgsmder W8a h t he unl oader 180. The el evator assenbly 270

i ncludes a track 274 which is fixedl oupled to fra d Lift 276
whoeh T 5 AU & sogdaaa el 8 Xeaded P OrbhBET. P2e . a8 e,
Base 170wiigh cotpvredst 0 74 t 2Y6sangd mavatdre togvewdt h 2o, ptat f Qrimizs0.

Platform 280 is coupled to the elevator assenbly 270 to selectively raise
and }OveCHRETHERE 1010 aRF 104 obiRelasigsgualy of "discs from magazines

172, cover 174 is removed by cover removal assembly 150. To
remove cover 174, carousel 158-1, 158-2 1is rotated as
previously explained to align a selected magazine with the
cover removal assembly 176. FIG. 8 is a perspective view of
15 the cover removal assembly 176. The cover removal assembly
176 includes a base platform 290, posts 292, upper and lower
cover grippers 294, 296. Posts 292 are supported by base
platform 290 and support upper and lower cover dgrippers 294,
296 to engage flaps 224 to remove cover 174 from magazine
20 172. Upper and lower cover grippers 294, 296 include arms
300, 302 and fingers 304, 306, respectively. Arms 300, 302
support fingers 304, 306 which are adapted to engage flaps

224 to flex flaps to remove lip 226 from rim 228.
Arms 300, 302 are pivotally connected to
25 posts 292 to pivot as illustrated by arrow 308 to open and
close. Arms 300, 302 are pivoted via slide 310 operably
coupled to arme 300, 302 and movable along track 312 via a
pneumatic actuation device 314. Fingers 304, 306 are
pivotally connected to arms 300, 302 as illustrated by arrow
30 320 to rotate prongs 322 on fingers 304, 306 to selectively
engage flaps 224 on cover 174. Fingers 304, 306 are pivoted

or operated via a pneumatic actuation



5 158-2 supported thereby. the carousel is raised and |lowered to

sequentially align discs stacked in a disc nagazine 172 wt h er
180. Magazi nes are | oaded onto carousel 158-1, 158-2 wth cﬂéingtghﬁﬁﬂ

closing inner cavity 220 to limt 10 contam nation. Prior to assenbly of

di scs from nagazi nes 172; cover 174 is renoved by cover renoval assenbly
150. To renove cover 174, carousel 158-1, 158-2 is rotated as previously
explained to align a selected nagazi ne—~M2th the cover renoval assenbly _
176. FIG 8 is a perspective view of ‘15 the cover renoval assenbly 176. The
cover renpvafeydicenBRf opEFramky erupledste Hingesens090, 3p6st sTRBS, upper

and | over C8¥erdéEéJPPEéé,2%p@193an8051§w8§29§"i%p°éﬁb00§§$d byo dagee

pl atf orm 290 and support upper and | ower cover I ppers 294, 296 to engage
flaps 224 to2FERaFeoRatweRn { (3, RREB®Re POSIR2ONypBBA afd FéREEGCOVer

grippers 294gr12>§i&1§;¢8%@.t@‘!df5 to3@@mote candyf 1NeeEFofOfagdline 172.
respectiyely. Arnms 300, 302 _support f.ingers 304, 6,whi ch are adapted to
engage f¥aps 224 to fIRXY| ERT t%ﬁ%ﬂ‘?ﬁi}gl I ?’65?261? anSrlrrﬁt?%‘?dA?’ 300,
302 are pivomatby @édneot pdsitickh mugpdsiRe2 172 psupporsed! husspated by
art ow 508 {ongBal syt Sio Al ri0RRA qPRI Sl BLbHRp Ty
pneunati c aclOst asnsdewncén3¥2G.FBngersedOte 80Gear 274pi vDherénftempect ed
fingers 304, PASE ag LartiEh Eo Kt tnoiany HdSIAL SR, D79°wien o
304, 30B0aretpevdied wrlapdent 80vi aEachnearsuiselactafitl pnli852A0a6 2002
ppor®und) SR bR ot CabERE SOler 90, e BBcCRIGY 0.
and a cl osed158-1, 158-2 and disc assembly device 160. FIG. 9 is a
detailed perspective view of the disc unloader 180.
Disc unloader 180 includes a pedestal 340 coupled to
15 .frame 152 between disc assembly device 160 and carousel
158-1, 158-2 to shuttle discs from a carousel 158-1,
158-2 to disc assembly device 160 for assembly in a disc
drive 161.
As shown disc unloader 180 includes a slide
20 342 movably along a track (not shown) as illustrated by
arrow 344 between a first shuttle position at carousel
158-1, 158-2 to a second shuttle position at disc
assembly device 160. Slide 342 supports disc post 346
which is formed of a truncated cylindrical member sized
25 for insertion through center opening 136 of disc 116.
Post 346 is spring’biased:upwardly for insertion through
center opening 136 of disc. Slider 342 is operated
between the first shuttle position and second shuttle
position via slider actuator 350 which preferably is a
30 pneumatic cylinder, but may include alternate actuation
devices. ‘
' In the first shuttle position, disc post 346
is coaxial with and beneath opening 222 of magazine 172
to align with center opening 136 of discs. Sensor 351



gripping position to renove cover 174 from magazine 172. 5 Thus for
assenbly, base 170 is rotated via notor 264 to position nmagazi nes 172
supported at spaced nmgazine stations relative to the cove ﬁeA{)J@IZ 2
assenbly 176 as shown in FIG 8 to renpbve cover 174. Thereafter, base 170
rotates to align uncovered nagazines 172 with 10 the disc unl oader 180.
Each carousel 158-1, 158-2 has a disc unloader 180 aligned relative to the
carousel 158-1, 158-2 and disc assenbl")ﬁd'evi ce.160. FIG 9 is a detailed

perspective view of the disc unloader. 180..Di.sc | gader 180 i ncl udes a
pedestal 340 @m@ﬁ%@rﬂmﬁfaﬁeﬂ@ REt ﬁééﬂed?‘gg §§§§ﬁﬁﬁyWH§§PGE 460 and
carousel  15&ikc 1b8-présenbufore edigmperferimley @ostis46 16Sr lun1dad: 2 to
di sc assenbl )S%fgew ce,160 for a senbjiédl n.a di Sé‘l drive 161. As hgmnS dI)SC
wn) as

unl oader 180 FncPQdeS15Cs| +te 988°%459m RS di70ngid t1ugkeneRE
il]lustrated Moweredwiésd diedvakeor a abisesiblyhr10 eapdsithieorprdcess oilsel

158-1, 158-2 0, utt I i i sc assenbly device 160.
Slide 34 suﬁt)egjrefaasé%lgs‘ggﬁggt %Sbgé@v%%kﬁ%ﬁtoeﬁanbd of a truncated |
cylindrical nenmber sizeBI@E.fdP—@saddnghrakeoggnponsnss ofehhagdiss of

disc 116.  PQsiseitif ¢ ASPLESN OO aned éﬂa/@rdﬂnfgoés%@ﬁﬂlg 8BviBEOYgE, center
opening 136 of disc.” Slider 342 is opérated bétween thé first shuttle

position and AfecehewBhiatatingsbassn A% £otakes adsudildrusinmted chy

preferably i arrctf BBQURRLA Cse¥hiddfbtoPUBSsER Sl etdietd! trraiad e1gf uati on
devices., In the first_shuttle position, disc post 346 1is coaxiagl ,wth and
beneat h {@peniS/Rpeee 393 nh§BSWRe Sfflfmatft}%lislg}ﬁ WAL Q%S Fhe ROFhE19B6 of

di scs. SensolofBithd Hbd¥é P99 2for l8perating the servo-motor 354. Arm
190 is operably coupled to base 192 for rotation via
motor 354. Arm 190 includes a vacuum chuck 358 and arm
extension 360. Arm extension 360 is movably supported

15 .relative to base 192 to raise and lower chuck 358 as
illustrated by arrow 362 between a lower dgripping
position and a raised transport position. Vacuum is
supplied to chuck 358 via a vacuum generator 362 (shown
diagrammatically)

20 As illustrated in further detail in FIG. 11,
arm extension 360 is moveable along track 366. Track
366 is supported via bracket 368 supported by plate 369
coupled to motor 354. Arm extension 360 is movable
along track 366 via an actuation assembly 370 which

25 preferably includes a.pngumatic cylinder 371 for raising
and lowering chuck 358, but other devices such as
servo/stepper motor could be used. A linear transducer
372 is coupled to extension 360 to monitor position of
extension 360 for controlling up and down operation of

30 extension 360. Cover 373 and face plate 374 enclose
actuation assembly 370.

Discs unloaded from magazine 172 via unloader
180 are moved to the second shuttle position aligned
with the disc assembly device 160. Arm 190 of the disc



(shown di agrammatically) on slide 342 detects whether a disc is present

for engagenent by post 346 for unload. |If no disc is detect e S
incrementally |owered via elevator assenbly 270 and the pro ﬁgsﬁé Zééﬁ

repeated until a disc is- detected. FIGS. 10-12 illustrate conmponents of
the disc assenbly device 160 and spacer ring assenbly device 156. As
shown rotating base 192 rotates as illustrated by arrow 352 via servo

nmot or 354 coupled to frame 152. 10 Senspg-353 (shown schenatically)
nonitors the posi.tion® of the base 192 for operating the servo-notor 354.

Arm 190 is apsenaBhy cwmetoweses_é%rbeatéat ablyonmetdr M3y 3pgd. Arm
190 i ncl udes, vacuunE§P3E¥ g g ext.ensi on 360, Arm extension 360

i s novably éhﬁ%BPFEGt a?F58wt 5 slgn, ¢Rpck 3A8 wiidr R9sfkek 358
as illustrassd dupperednifa ddisenenaeml D9erigrigpergd ORI CHIEK a

rai sed tranz‘,gg r%os tlg Vacuum i cg%lh (ato chLe,ck 358 via a vacuum
gener at or %sﬁ whe i QGFhBﬁﬁﬁ%ﬂﬂ Rs GUTUst VAT PHSRTHS det-ai |
in FIG 81, iarsuppldesi o 3EMuck Brﬁ&e’ablgrzhponget ddsk .36@helferciter366 i s

supported vi reﬁg&'t 113&681. (Htgg bf]slg.g?ézea@gg bg %gon ° ﬁr%{rﬁ/ ggo Arm

ext ensi on 360 1I's ‘riovab ong track
whi ch 25 pr efetabed mzlaaegnavmmnam un@ylsen@dledsnlserdrawel A1 and

| overing chugk,3pgg Byt edjet‘.’bcfés?ﬂrfﬁ 3EheSQLLY BLORRY JHARN Foul d be

used. A linear transducer IS cou o ext ensi on
positi on of Me%PEnafoRigeD 41’6¥V%01=1§10I ling up and down operation of 30

extensiyggn 360. Cover 343 apeehdcudll _},at gxﬁialg@ql 0S8ncact yatd Peesssebl y
370. Discs unl paded from rra Zi ne 172 via_ unl oader ,18Q are noved to the

second shut tYR1oaded; Jiay pa gader 180, lift 276 is incrementally
lowered via stepper motor 278 to align the next

sequential disc relative to post 346 of unloader 180.
Guard 182 includes a longitudinally aligned rod as

15 .illustrated in FIG. 3. The rod is supported so that a
lower disc being unloaded passes underneath while the
remaining discs are maintained in the magazine 172 to
assure that a single disc is unloaded during an
operation cycle.

20 The spacer assembly device 156 operates
similar to the disc assembly device to sequentially
unload spacers 138 from spacer carousel 154. FIG. 12 is
a perspective view of carousel 154 supported by platform
380 coupled to frame 152 proximate to conveyor 162,

25 Preferably, carousel 154 includes base 382 removably
supported for rotation about a rotation axis 383. Base
382 supports a plurality of spacer posts 384 at spaced
positions concentricélly with rotation axis so that base
382 rotates about rotation axis 383 for selectively

30 aligning multiple posts 384 for assembly operation.

Posts 384 are formed of elongated cylindrical
members having a diameter sized to extend through
opening 140 of spacers 138 to support a plurality of
spacers 138 in stacked alignment. Carousel 154 is



with the disc assenbly device 160. Arm 190 of the disc 15 AUG 2002 -14

assenbly device 160 is rotated by notor 354 as illustrated r to
align chuck 358 with post 346 supporting a disc. Arm 190 isfﬁhagugﬁgéai

that chuck 358 is in close proximty to the disc. Vacuum pressure 5 is
supplied to chuck 358 to grip the disc. Thereafter arm 190 is raised as
Illustrated by arrow 362 and rotated ?é} lign with an unassenbl ed di sc
drive 161. . Arm 190 is lowered to asse %Ithe disc on the spindle notor

O o o e g BOy ot 4, E4BaR B85 sBAT, 3R, FoE Rer i, 27
to align the @@rousedquekfi4 al agi scllbuatrabedo st atﬁowf U39 ®ad€orl80.

Guard 182 'ncééggggg%hgﬂgoﬁggmabﬂ@ﬂg&ggl Kl zg&& 1&. d&%c;{ egs@elr% FI G

3. The rod is s ein
under neath whiB8 ﬁhPPOr§mﬂthmF%Wbcﬁane3&&4neﬂaﬂﬁi3$ﬂth§ nagapsnd 172 to

assure t hgt al§439&\/ a:éiﬁ&&abﬁ U eptied @&rplr&f&m 103 )ea%l at3@ The

spacer assenb ice operates, sim’lar he dISC as y device to
sequential |y %ﬁko§85§ﬁhé¥r439?3W%ﬁ*ﬁ%ﬂ%uﬁQuR%@%u%@lalBﬁchWGFOPZCﬁs a
perspective vaeyw, of carousel 154 supported by platform 380 coupled to
frame 152 proxi mate to conveyor 162. ?éi fe abLé, cgrousel 154 incl udes
base 382 removably supp8 f oFSFBMatYon ut 1BCLBE8EI 0238 s 383 Base

382 supports amppurali.ngyrof:asyat&blpoms étﬂibbéd R etourdsl ba@es 382
axi s e or Vi aefhd 9P 50 ARy NpF 3o 3% st S n BB 2B8 1
operation 1n cooperation with pulley wheel 398 rotated by motor
396 and pulley wheel 400 coupled to rotary table 394.
Pulley wheel 400 is rotated via belt 402 coupled to
pulley wheel 398. Motor 396 operates to incrementally
15 _position filled posts 384 relative chuck 358 of spacer
assembly device 156.

Stacks of spacers 138 supported by posts 384
are incrementally raised to align with chuck 358 via
spacer elevator 410 as illustrated in FIG. 13, Spacer

20 elevator 410 is supported relative to platform 380 and
includes moveable elevator rods 412 which extend through
pin holes 414 on base . 382 of spacer carousel 154 to
contact spacers 138 supported by posts 384. Elevator
rods 412 are movable as illustrated by arrow 416 to

25 raise elevator rods 412 to contact and move spacers 138
for alignment with chuck 358 of the spacer assembly
device 156. Elevator rods 412 are raised and lowered
via motor 420.

Pins 412 are supported on slide 422 movable

30 along track 424 coupled.fo platform 380 via bracket 426.
Slide 422 is operably coupled to motor 420 for movement
thereby via pulleys 428-1, 418-2, 418-3 and belt 430.
Motor 420 is coupled to bracket 426 via block 432 and
supported thereby. Stepper motor 420 rotates pulley



Posts 384 are formed of elongated cylindrical nenbers having a dianeter
sized to extend through opening 140 of spacers 138 to support_a plural.ity
of spacers 138 in stacked alignnment. Carousel 154 is 15 AU tSZQQE’G 2002
removably coupled to a rotary assenbly 386 for rotating carousel 154 as
Il lustrated by arrow 390 for sequentially positioning posts 384 for

unl oadi ng spacers 138 supported by each post 384. Base 382 of carousel 5.
154 is renovably coupled to platform 3836via a pneumatic |ock assenbly

*(not vi si bl e) couFIed to a vacuum source 391. Rotary assenbly 386 includes’
base 392 suphd8tlngor moxey hedst A 3D4 cBept ed3Poisacompdledbdue 882del0 via
pi ns 395. Rot : ' s Wé t i ratg wth

pul | ey wheel %% é%ﬁf]é%gg?/hﬁo%%éf%%ﬂ%%%uﬁgﬁ%e%%%géou%ﬁgg’t o]
rotary tabl e 320 time| ayspRcer 438 iis unlonded, ifomassemply ofiPRdat o

pul l ey wheel F9S: 3y Omctyr dpfirimasntial Iy GladBy plihg 492pesidipate! | ed
posts 384 relative éhuck 358 of%%ﬁacer agiﬁgﬁ%é'deV|%% 138. St%cks of
spacers 38 StppofeRd TRAGBEEs SHRPLH t aPPPYEai 384 t8%al #Bn with
chuck 358 vi eassqusky elevathond4fbraspetdtionadbfdche dpdced TasSpascey 20

el evat or 4&1)&§H§88p$§%ed relative to platform 380 and includes noveabl e
el evator rods whith'extend through pin holes 414 on base. 382 of spacer
carousel 154 to contacOpepatdéon 138 slpder t42R bplpugt stB38dk MBl2dvaisr rods

412 are nova ' S r 416 ' I or ds 412
to contact alrjléd&lrrg?/%ijé%)gc'%&:to%béyﬁcgrég%efrr%{r.‘l?og\nét Eaé%g%% g\égi'of% & spacer
assenbl V0 deSersanct4Elie suppanted by bdoskr 442ecouplietd cherpat form

380 to detect a spacer 138 at an assembly elevation to

control operation of indexer 410 for raising spacers 138
to the assembly elevation and operate motor 396 to
rotate spacer carousel 154 to index to the next post 384
15 _when a post 384 is emptied.

As shown in FIG. 14, operation of apparatus
150 is controlled by controller 450. In particular, disc
carousel base vacuum 262, spacer carousel base vacuum
391, disc assembly device 160, unloader 180, cover
20 remover 176, carousel base motor 364, carousel base
elevator 270, spacer assembly device 156, spacer
carousel motor 396 and spacer indexer motor 420 are
coupled to controller 450 for controlling sequence of
operation for alternately assembling a disc 116 and
(._ 25 spacer 138, Sensors are coupled to controller as shown
for controlling sequencé of operation. FIG. 15 is a
simplified flow chart of operation of apparatus 150. To
begin as illustrated by block 478, carousels 154, 158-1,
158-2 are loaded on respective carousel bases and vacuum
30 sources are actuated to hold carousels to bases for

operation as illustrated by blocks 480, 482.
Controller 450 operates motor 264 to rotate
base 170 for alignment with cover remover 176 as
illustrated by block 484 to remove cover 174 as



via notor 420. Pins 412 are supported on slide 422 novable 30 along track
424 coupled to platform 380 via bracket 426. Slide 422 is o a Nl ed
to notor 420 for novenent thereby via pulleys 428-1, 418-2,?258&Lﬁi3ﬁﬁﬁilt
430. Mdtor 420 is coupled to bracket 426 via block 432 and supported

t hereby. Stepper notor 420 rotates pulley 1 5 AU G 2002 -16 428-1 to nove
belt 430. -Belt 430 is coupled to slide 422 to raise and |ower pins 412
coupl ed thereto. Thus, each tine a spatkf—138 is unloaded for assenbly
froma post 384, notor jncrenentally raises pins_412 to elevate 5 stdcked
spacers 138 sappystEated ph¥ Plpgk agaﬁn aSBREPY Lerev4d 9 oA Higriates at i on
of the spacer opegaftion ofedoserlYemowesr at7ieoo0actuai® ‘ddws Bamg 3oack 424
is controlled gg ogposed s‘éfxghﬁtroke sensors 434 236. 0 Sensor 440 is
supported by BREcEL ﬂ?r@béﬁf d PR F IV BBV dbf &t A &OUSB at an
iggenbl y el evavucr;glst FenovEd @ommémmpéraﬂdexgggéto 2f6ar Hairdtwrepacers
| to the asse el eyati o n er at t or fo rotate spacer :
carousel 254 C8TPNE b‘ggt—hé Eggt qugta éff‘ﬂq_o%‘? césf‘ﬁ‘)“al%%s‘foéllgg tied.
As shown i n FuGcoVéredpemaigaming Jp2ar with 56d swdmadered 8y as
controll er 45Q. Lcul.ar .l ous u 6

carousel baseg&éggﬁﬁgE%gg,bgig%ﬂggge#%?§ devf§g§§§b¥éﬁnﬁg%%e%uféﬁsgg%ver 20
renover 176, bBatouscR6Basod heses 388-leaddls@l toaseves anst ANGONET spacer

assenbly devi ﬁﬁg&%@né%&ebné%&%eM%—ﬁ%ﬂé aRdeRer RUPAIsdDL OF
420 are _coupled to contraqller, 450 for con rolllngnsequence of operation

for altefrRat ePy5852ehs Urd-opding digrehle for continuous operation

without interruption.

Controller 450 sequentially operates unloaders
180-1, 180-2 for unloading discs from an uncovereéd
magazine positioned at the load position as illustrated
15 by block 490. For unload operations, disc post 346 is
moved via slide actuator 350 to align with magazine
opening 222, Sensor 351 detects if a disc is stored
relative to an operation plane of the disc post 346 as
illustrated by block 492. If no disc is sensed then
20 controller 450 operates carousel base elevator 270 to
incrementally lower carousel 158 until a disc is sensed
as illustrated by block 494. Post 346 is spring biased
upwardly to engage disc 116 and is moved via operation
of slide 342 to an assembly position to align with disc

25 assembly device 160 as illustrated by block 496.
As previously:explained, the discs unloaded
from carousel 158-1, 158-2 are assembled in disc drive
161 via device 160. Controller operates motor 354 to
rotate arm 190 of device 160 to align with post 346 as
30 illustrated by block 498. Controller 450 operates an
actuation assembly 370 to lower pneumatic chuck 358 to
engage disc 116 on post 346 as illustrated by block 500.
Thereafter actuation assembly 370 raises arm 190 with
disc attached to chuck 358 and motor 354 rotates arm 190



25 spacer 138. Sensors are coupled to controller as shown for controlling
sequence of operation. FIG 15 is a sinplified flow chart of operation- of

apparatus 150. To begin as illustrated by bl ock 478, caroufgis @Eg é§8-1,
158-2 are | oaded on respective carousel bases and vacuum 30 J\ 29

actuated to hold carousels to bases for operation as illustrated by bl ocks
480, 482. Controller 450 operates notor 264 to rotate base 170 for
alignment with cover renover 176 as iltd8trated by bl ock 484 to renove

cover 174 as 1 5 A UG 2002 -17 illustrated by block 486. Controller 450
initiates opdiatdbignfwithedisaiive 7561 cagciddnstaateddey Bbeckand

fingers 304, 3B ! GaLMOVRrHOML0 L addier 1608Led £64 disd PP 161
control |l er operates notor 264 to rotat rousel 158-1, 158-2 to, an

D C .
unl oad positi&§4(FQNF§n3PﬁeIﬁ&ﬁﬁﬁ%ﬁealﬁﬁgiﬁQ1 QY 2agFeRbdYsitunfibB8er 180

as illustratedibpe doHckl ¥8Str&estr byl bloékO50@ar ates notors 264 of bases
170-1, 17Q-2 to cover agg gncover &. magazi ne for fns carousel 158-7 while
anot her carousel 10 215&BEPE (A AHFRg HF s ASABPELER/ coRt | FRBEEL optFat i on

Wi t hout i nt er ragyendiledobdr sleparats) metiple aliycoper Aol heales 50
the i oad posi CERTHET HOEPFarSl £ B Br I Ab0es FoP A el hertt i Sne.
di sc post 346 seleagtmipos it Hon dionmperatidsas ol hlugtrated bugakook
e ocs U RIS ot 4 OBt LIE B
disc i s 3dnseFatntie 20areusedl 1184 460 8pdddiats epevatingbPasidiicamtas 270
to increment fdntrVEdd 0By OHS PoskaBdiiddndorli fhotS sh8RRSd Sensor
440 detects whether a posts 384 aligned with spacer
assembly device 156 at the operating position has
spacers 138 supported thereby as illustrated by block
15 ,510. If sensor 440 detects an empty post, controller
operates motor 396 to rotate carousel 154 to a filled
post 384 as illustrated by feedback line 512,
To assembly a spacer 138 on top of disc 116,
arm 190 of spacer assembly device 156 rotates via motor
20 354 as illustrated by block 514 and arm 190 is lowered
as illustrated by block 516 to grip spacer 138. Arm 190
is raised by actuation. assembly 370 as illustrated by
block 520 and rotated via motor 354 to align with the
disc drive as illustrated by block 522. Arm 190 is
25 lowered and pneumatic chuck 358 released to load spacer
as illustrated by blocks 524, 526. Empty spacer and
disc carousels are removed from apparatus 150 as
illustrated by blocks 528, 530.
Each time a spacer is removed from carousel
30 154, controller 450 operates spacer indexer 410 to index
spacers 138 supported by the post 384 upwardly for
unloading to limit the stoke of the spacer assembly
device 156 for increased operating speed. Spacers 138
are continuously unloaded from post 384 and indexed



as illustrated by block 494. Post 346 is spring biased upwardly to engage
disc 116 and is noved via operation of slide 342 to an assenbly positj

to align with disc 25 assenbly device 160 as illustrated by1b60¢ﬂj@93éﬁ§g
previously expl ai ned, the discs unloaded from carousel 158-1, 158-2 are
assenbled in disc drive 161 via device 160. Controller operates notor 354
to rotate arm 190 of device 160 to align with post 346 as 30 illustrated
by block 498. Controller 450 operates an ,actuation assenbly 370 to | ower
pneumati ¢ chuck 358 te .engage .disc 116 post 346 as illustrated by bl ock

500. Therea tuati,on, assenhbly O,raises arm 190 with | att ached
to chuck 35853)2‘{(?’:%[ ru%ﬁlr%?%ggg ggél ?Sge%%g RD & ZPQﬁ%CH%ff}I} n wth
disc drive 1&igmalid | ther atenitbglbewcldS50 508, difstrated) h@tkors ag8i rtd ower ed
to disc driv I e LS 6 ra Ve | I SC
drive as iIIS§%$é¥%gﬂﬁg§§f%%kf§g6£85egfté?gg ﬁgééﬂig?%;;gﬁﬁﬁgg?xgp§%?cer i's
assenbl ed t o appeaadius HAQ iif sydiaenized a9 tdy llspone eanmrsel 396 to
rot at e sgacer 0 a C Lik@n r ity i

1 st rared B Splodk Mg aqef mEFRRCas ByPatedishe oPRE bR 10
10 rotate cardfs@ tmiceveyr mnr unlprdedi Mggpsine div asandobBncovVesd sy a

posi tion seng@ky (NO1) 8@ magertRe 442 detept s WAL 8pRLSLI oA
al i gned mnthg&pacer assenbl y” devi ce 156 at_ the oReratlng position has

spacers 138 SESFSHERLY hePPEYatdiqng (aFea@dddySBneBKon3 2eth sof tdtsor 440
detects an emmilePoat diandt iel | Beingpailesde@t 9ia3%nl6atielat B8Ar @Usel

154 to gof 11 Led R0, 384 os [1Iust aned oy eedoaek LI Be B2 ala ey
assembly device 156 and while a spacer is being
unloaded, a disc is being assembled by the disc assembly
device 160 for high speed and high capacity operation.

Thus as described, the present invention

15 relates to an apparatus 150 for assembling components of

a data storage system. In particular, apparatus 150 is

used to assembly discs 116 and spacers 138 of a spindle

motor for a data storage -device 100. Assembiy

compbnents, such as spacers 138 and discs 116 are housed

20 by component storage member 154, 158-1, 158-2 which are

removably coupled to the frame of the apparatus so that

the storage members may be loaded with components for

assembly without interrupting operation of the machine.

Assembly devices 156, 160 are included for assembling

25 unloaded components in a disc drive supported on
conveyor 162. ‘

The present dinvention provides a fully

automated assembly apparatus with increased production

and assembly speed. As shown, disc carousel 158-1, 158-

30 2 removabiy supports a ﬁlurality of disc magazines 174

for increased capacity. . As shown filled disc magazines

174 may be loaded onto disc carousels 158-1, 158-2

without unloading discs from pre-packaged magazines 174

to limit damage to discs caused by excessive handling



arm 190 of spacer assenbly device 156 rotates via notor 20 354 as
illustrated by block 514 and arm 190 is lowered as illustrated by bl ock 516
to grip spacer 138. Arm 190 is raised by actuation. asseirtﬁ MA@
illustrated by block 520 and rotated via notor 354 to align with the disc

drive as illustrated by block 522. Arm 190 is 25 | owered and pneumatic
chuck 358 released to | oad spacer as illustrated by bl ocks 524, 526. Eppty
spacer and disc carousels are renoved <420 apparatus 150 as illustrated

by bl ocks 528, *530. Each tine a spacer is renoved from carousel 30 154,
control | er 4Hhdpareaiwse spansducthilenerste® t florndazsenpadags dpgindapport ed

by the post rady u | L ot st.ok f At acer
assenbl y de\%ﬁcg‘-égg%g g‘os}'r/ slh(#;:vfndagdé'gﬁ%&;el%ahgﬁéhs@gégdEggpgderﬁgglﬁgiég’g’
cont i nuous! y the capparttus stcogiiave tadoperates whiile xo02emptdedpwar dl y

until sensor é‘é‘xooﬁ%gcgg PR 19HAeA RN 384 yand d'fécﬂg@érgaﬂﬁe&?”t rol ler 450

t o operated notor rotate carousel 154 to't Xt post _384.
Operati o of appar at usA818boWa ;s PRATEENRRAJAE8Ct parowRele dneludeoasel 5

158-1. is U”';S’E\Sjﬁ‘gliﬂ?t B8f %’iﬂuﬁ&ié&@é &Eﬁcﬁé h&fr&ﬁb@ﬁ?‘%boxﬂ@%@ bgigover an
unl oaded magazj pe 172 and uncover a new filled nagazine 172 fqor unl oad

operations. PrEIREALMitp i BAtaL1eN 18- 5y REN R 2 £@TORSHat TORhi I e a
disc i s bei ngrapi@pges-yéntutlingdeeqh8itiallotapreeviasrbchifoaswethl ed in

a disc drive by the spacer , assenbly device 156 and il.e a s er .i s being
unl oaded, a dt%c 88 a]% A&V ed b ?h@aﬁogfeifseﬁgf’ﬁngdew&@ 1P&E f or
hi gh spddd ancbrigpohentpatagkspehathomrelmotatablscallhgoed vweith eaant
invention 15 [elAPF d& Fle TIPS FALS it dd¥a 23paH Y nGC REPERER 5O
number of components that may be assembled from each
carousel. '
It is to be understood that even though
15 .numerous characteristics and advantages of various
embodiments of the present invention have been set forth
in the foregoing description, together with details of
the structure and function of various embodiments of the
invention, this disclosure is illustrative only, and
20 changes may be made in detail, especially in matters of
structure and arrangement of parts within the principles
of the present invention to the full extent indicated by
the broad general meaning of the terms in which the
appended claims are expressed. For example, the
25 particular elements may vary depending on the particular
application or componenﬁs assembled while maintaining
substantially the same functionality without departing
from th'e scope and spirit of the present invention. 1In
addition, although the preferred embodiment described
30 herein is directed to assembly of discs and spacers for
a spindle motor for a data storage system, it will be
appreciated by those skilled in the art that the
teachings of the present invention can be applied to



a data storage system |In particular, apparatus 150 is wused to assenbly
di scs 116 and spacers 138 of a spindle .notor' for a data gtgrlgﬁfﬁ)devi-ce
100. Assenbly conponents, such as spacers 138 and discs 11 r |2892 20
by conponent storage nenber 154, 158-1, 158-2 which are renovably coupl ed
to the frane of the apparatus so that the storage nenbers may be | oaded
Wi th conponents for as without interrupting operation of the machine.
Assenbly devices 156, 160 are included-2d~ assenbling 25 unl oaded
conponents in a disc drive supported on conveyor 162. The present

i nvention proothes ayfstldms, awitheued deysarthing afipamattise wstchpencardsed
producti on . enbl p .disc carousel 158-1, 158 30 2
removabl y sug%g% géaaglﬁ?gl§?§sgﬁid§§@%%§§%?rnes 174 for increased
capacity., As shown filled disc nagazines 174 may be | oaded onto disc
carousel s 158-1, 158-2 w thout unloading discs from pre-packaged magazi nes
174 to limt damage to discs caused by excessive handling 1 5 AU G 2002
-20 and reduce production steps for assenbling spindle notors. As shown,
mul ti ple carousels 158-1, 158-2 allow the apparatus to continue to operate
while an enptied carousel is reloaded wwth filled disc magazines. 5 As
shown, spacer and disc carousels include a plurality of conponents stacks
arranged about an axis aligned with the rotation axis of the carousel for
rapidly orientating sequential stacks via rotation with an assenbly
device. The carousels having multiple 10 conponent stacks which are
rotatably aligned with an assenbly device provide increased capacity and
i ncreases nunber of conponents that may be assenbl ed from each



carousel . |
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2002 22 WHAT IS CLAIMED IS: 1. An apparatus for assenbling conponents of

a data storage devicecavapsedi ngpse frefatienzhivusmumiad rta attihenal |y

coupled t

o the

frame and adapted t0316MDYapLy SHRRAN VP support

component carousel;

a

an assembly arm coupled the frame and operable

between the carousel base and an

unassembled data storage device, for

sequentially unloading individual

components from the carousel and

assembling the unloaded components into

the data storage device.
2. The apparatus of claim 1 wherein the carousel
supports a plurality of stacks of components at spaced
locations arranged about a center point and the apparatus
comprises:
to
of

a motor coupled to the carousel base

sequentially positioning each stack

components for assembly.
3. The apparatus of claim 2 further comprising a
vacuum source, operably coupled to the rotatable carousel
base, to supply a vacuum to removably secure the carousel
to the rotatable carousel base.
4. The apparatus of claim 2 further comprising an

indexer coupled to the carousel base to align individual



conponent carousel; an assenbly arm coupled the franme and operable between
't he .carousel base and an unassenbl ed data storage device,.Lor

sequential Iy unl oadi ng i ndividual conponents from the cardugelAldd?2002
assenbl i ng the unl oaded conponents into the data storage device. 2. The
apparatus of claim1l wherein the carousel supports a plurality of stacks
of conponents at spaced |ocations arganged about a center point and the
apparatus conprises: a notor coupled to the carousel base to sequentially
positioning each stack of conponents for assenbly. 3. The apparatus of

claim 2 fagd isle HAMPELYNd a2 sﬁ’é‘@k‘u’BfSOHE)ﬁBonQHQEale:éﬂ%fWéEdcc§ Oti’l%g

rot atabl e carousel base, to supply a vacuumto renovably secure t

car ousel assenily raxtrat abl e carousel base. 4. The apparatus of claim?2
further conprising an indexer coupled to the carousel base to align

i ndi vidual 15 AU G 2002 23 conponents froma stack of conponents relative
to the assenbly arrhe5.agperappar abis @fl=gli m 2 and | netuddngga acarousel
coupled to the carousel. base having a center _point and individual
conponent@@ 4918 o FPERERA sEQCKERR e CAIMFSt cB2FR PP EIRHgH eBSBERE A ner

o cont e st S paaad Tosal o bRy dn 3 (oA SR AR Cleel
al i gned widgpartrert atiiron aaxi &laehdated caomtsdnedmasand the carousel
includes a latch assembly to removably secure a plurality
of containers at spaced locations about the center point
of the carousel aligned with a rotation axis of the

carousel base.

6. The apparatus of claim 1 wherein the apparatus
includes a plurality of carousel bases rotationally
coupled to the frame to support multiple component
carousels and the assembly arm being operable between the
multiple component carousels to unload the carousels and
operable to detect when one of the component carousels is

empty and shift the assembly arm to another carousel.

7. The apparatus of claim 1 wherein the component
carousel is adapted to support discs for assembly in a

spindle motor of a data storage device.

8. The apparatus of claim 7 wherein the component
carousel includes a plurality of spaced latch assemblies
about a circumference of the carousel and adapted to
removably connect a plurality of disc containers storing
a plurality of stacked discs to the carousel at

concentric spaced locations.



6. The apparatus of claim 1l wherein the apparatus includes a plurality of
wcarousel bases rotationally coupled to the frame to support nultiple
conponent carousel s and the assembly arm being operabl e beth§e@d\ldGe2002
mul ti pl e conponent carousels to unload the carousels and operable to
detect when one of the conponent carousels is enpty and shift the assenbly
armto another carousel. 7. The apparatus of claim1 wherein the conponent
carousel is adapted to support discs f i assenbly in a spindle notor of a
data storage device. 8. The apparatus of claim7 wherein the conponent
carousel includes a glurality of spaced | atch assenblies about a

ci rcunfer®nce of thEhear appairatvd addpt exllaion r@&nowk@rgiBonbbet dipkurality

of disc ¢ i st.Qri a plurality .of acked di t.o t-he, carqusel at
concentr iégc%%%%g%’? oclgﬁlggdf foqg}le% Gaé 2t§%4 a@a%%&%pﬁgrc&u%esof 4laim8
wher ei n tdwevel: s@et 86hkai ey sdeétabhde eoVdi $c aBénthenappatratanss i peligges a
cover detacher to detach,the disc cqontajner covers prior to assenbling

di scs frdf t3RSYRELRSnEAPREr LXAM thfe HtareR=2HReEt ai m 1 wherein the
conponent carousel is adapted to support spacers for assenbly in a

spindle notor of a data storage device. 11. The apparatus of claiml

wher ei n tife appar atTise eppradaitl ¢6 adsdmblly wbepessnttheofcampiosenst ack
car ousel RS h T BuPATEr S T SLPPBESe AR R T87 SBRBIER  Horfonent
carouselﬂymhdméxmbggg 8f saHavsClstAsRyaadmRiRsk 1 0 support a conponent
carousel for spacers;
11. The apparatus of claim 1 wherein the apparatus
is adapted to assembly components of a disc stack
supported by a spindle motor and further comprising:
a plurality of carousel bases including a
carousel base adapted to support a
component carousel for discs and a
carousel Dbase adapted to support a
component carousel for spacers;

a plurality of assembly arms including an
assembly arm coupled to the carousel base
supporting discs for assembling discs and
an assembly arm coupled to the carousel
base supporting spacers for assembling
spacers; and

a controller coupled to the assembly arm to
coordinate operation of the plurality of
assembly arms to alternately assemble

discs and spacers.

12. The apparatus of claim 11 wherein the component
carousel for the discs includes a frame including a

plurality of circumferentially spaced latch assemblies to



a plurality of assenbly arns including an assenbly armcoupled to the
-carousel base supporting discs for assenbling discs and an assenbly arm

coupled to the carousel base supporting spacers for assew@ n ) S;
and a controller coupled to the assenbly armto coordinate ?pgggﬁi%ﬁﬁgf

the plurality of assenbly arns to alternately assenble discs and spacers.
12. The apparatus of claim 11l wherein2$he conponent carousel for the discs
includes a frane including a plurality of circunferentially spaced | atch
assenblies to 15AUR002 25 renovably couple a plurality of disc

cont ai nerferd, 418, €80BHEEIa bIurhie tIPPSF allB Ol cGheh thd2s Wi eLfet he disc

contai ners house "a disc stack including a plurality of coaxially aligned
di scs an¢anpusedr. conprises an indexer to incrementally position the
carousel base adapted to support the carousel for discs for sequentially
positioning one of the plurality of disc containers to unload individual
discs inishe disc stek.apbhraiies apmar allednof 10l aivAetéinhethen dbsc
conponent carousel for spacers includes a base including a_ plurality of
spacer p&SrEadmesnyeBoREsutd addsrt LR ninCANGisG e PdWriddidit af

plurali U(:o%ﬂéci%\tlal%}(eéh &'§i888 Lagl F@f&%e@c B G 24 1RqbRercarousel

base adapte to “support the carousel for spacers to allgn sequentr al
post s fortcasseabépentiBllyhepappriatushe chapuséd fhadderndapmed stog an

| ndex ro%u&&%ﬁﬁplyt%%ypl%gr%%s%ﬁg C%g@pneggsggrou §£ sequentially
positioning one of the plurality of disc containers to

unload individual discs in the disc stack.

14. The apparatus of claim 11 wherein the component
carousel for spacers includes a base including a
plurality of spacer posts arranged about a center point
and sized to support a plurality of stacked spacers and
including a motor coupled to the carousel base adapted
to support the carousel for spacers to align sequential

posts for assembly.

15. The apparatus of claim 14 further comprising
an index rod operably coupled to the component carousel
for spacers to push spacers toward an extended end of

posts for assembly.

l6. A method for assembling a spindle motor of a
data storage device comprising steps of:

(a) providing a spacer storage member
supporting a plurality of spacers for
assembly and a disc storage member
supporting a plurality of discs for

assembly;



for spacers to push spacers toward an extended end of posts for assenbly.
~16. A nethod for assenbling a spindle notor of a data storqg5p§€M$
conprising steps of: (a) providing a spacer storage nenber °s ;2Q921
plurality of spacers for assenbly and a disc storage nenber supporting a
plurality of discs for assenbly; 15 AU G 2002 26 (b) coupling a filled
spacer storage nenber and disc storage renber to an automated spindle
not or assenbly apparatus; (c) alternately assenbling a disc unl oaded from
the di sc storage nenber and a spacer unloaded fromthe spacer storage
menber in a disc drpyecolh iy fith Al e8PLYe FPAESLagkOtRUBIEIRR ;  and
] (e) renoving an enpty di sc storage nenber. 17. The nethod of claim 16
wherein the providing stépcconprosageproamdiary the spager asitomagedrenber
wth a plurality of posts.far storing a plurality of stacks of spacers
and further conprising s?gﬁgg&fez ’“(Oft)“gra&#&:f"’&a’a"" S Shi ch senses an
enpty stack of spaceysalaednadlelddjdisddnisl ide Podistonndbatied Fremage
menber to assenbly spacers froma next post. 18. The nethod of claim 16
wherein the providing sEBE cOHFG se-qHadR diMYPee dRBE sdpp&PRSREhber to

be adapted to support a,phpballd ¥ dRe SO0LEE NEESrHZY! R@mber in

a disc drive;

(d) removing an empty spacer storage member;
and

(e) removing an empty disc storage member.

17. The method of claim 16 wherein the providing
step comprises providing the spacer storage member with a
plurality of posts for storing a plurality of stacks of
spacers and further comprising steps of:
(f£) providing a sensor which senses an empty
gtack of spacers; and
(g) adjusting the position of the storage
member to assembly spacers from a next

post.

18. The method of claim 16 wherein the providing
step comprises providing the disc support member to be
adapted to support a plurality of disc containers having
covers closing an inner cavity housing discs and further
comprising steps of:

(£) providing an apparatus for mechanically

removing a cover of a disc container;
(g) positioning the container relative to the

apparatus for removing the cover; and



covers closing an inner cavity housing discs and further conprising steps

of : '(f) providing an apparatus for nechanically renoving idggﬁgﬁigikﬁﬁdisc

container; (g) positioning the container relative to the

removi ng the cover; and 15 AUG 2002 - 27 (h) operating the apparatus for
removing the cover to renove the cover fromthe disc container. 19. The
nmet hod of claim 16 conprising steps-oR7 (-f) providing an unl oader i ncl udi ng
a spring biased unload nenber operable between a first position for

unl oadi ng i ndividual discs froma stack of discs and a second position,

the unl oader includiRY aoEeP$OIng(DhdYbRE rbResunFead r@Rbeind o e first
position; (h) operating sensor to detect a disc and increnentally indexing

the disc storage menberc@ierl e dirsmove dehectaavermndrom toher stiisey t he
unl oad menber to the secgpd,  p@sition for assenbly.

19. The method of claim 16 comprising steps of:

(f) providing an unloader including a spring
biased unload member operable between a
first position for unloading individual
discs from a stack of discs and a second
position, the unloader including a sensor;

(g) moving the unload member to the first
position;

(h) operating sensor to detect a disc and
incrementally indexing the disc storage
member until a disc is detected; and

(i) operating the unload member to the second

position for assembly.



