WO 2009/937318PCT/EP2008/062459 DESCRIPTION "APPARATUS AND METHOD FOR
CHECKING COMPONENT PARTS OF A MECHANICAL PIECE" Technical Field The present
invention relates to an optoelectronic system for checkino relative attitude of component parts of a 10
mechanical piece incl(udin%a base; a reference system, connected to the base and adapted to refer
the mechanical‘ﬁ%%%”ﬁrﬁnéf p?edetermined position, the reference system inclc |}r)12§)0§/%%4ﬁ3nary support
which defines a reference plam.e and |b adapted to copperate with positioning surfaces 15 of the
mechanical piece; an optoelectronic detection system; and a processing unit adapted for receiving and
processing signals of the ootoelectronic detection device. The present invention also relates to a
method for checkigg.relative aftitude of component parts of a mechanical piece 20 by means of an
octoclecaronic svsterr;nctuding the steps of reffering a first component part of the mechanical piece in
a reference system; and locking the mechanical piece to be checked at a checking position..
25Backexround afPFFéRPEESknthih REEFGRK EtdtadgeibRftEHF 1HEFRRREE fo’?pﬁ%ﬁné)gnd"recalling
data, that are empBgBANA @ASCtRIAICEYystems such as computers. Hard disks typically 30 include one
or more magngetic read/write heads that are connected to sliders and are placed near a surface of a
rotating magnetic disk_ When the magnetic disk.is.driven ; . 4

The present invention relates to an optoelectronic system
for checking relative attitude of component parts of a
10 mechanical piece including a base; a reference system,
connected to the base and adapted to refer the mechanical
piece in a predetermined position, the reference system
including a stationary support which defines a reference
plane and is adapted to cooperate with positioning surfaces
15 of the mechanical piece; an optoelectronic detection
system; and a processing unit adapted for receiving and
processing signals of the optoelectronic detection device.
The present invention alsoc relates to a method for checking
relative attitude of component parts of a mechanical piece
20 by means of an optoelectronic system, including the steps
of referring a first component part of the mechanical piece
in a reference system; and locking the mechanical piece to

be checked at a checking position.

25 Background art

There are known hard disk storage units, or “hard disks”,
for storing and recalling data, that are employed in
electronic systems such as computers. Hard disks typically
30 include one or more magnetic read/write heads that are
connected to sliders and are placed near a surface of a
rotating magnetic disk. When the magnetic disk is driven
into rotation, a thin air cushion forms between the disk
and the slider, enabling the latter to “float” over the
35 disk at a distance which is in the range of & few tens of
nanometers, or even less, in the current hard disks. In the

course of the disk rotation, the magnetic read/write



into rotation, a thin air cushion forms between the disk and the slider, enabling the latter to 'float" over
the disk at a distance which is in the range of a. few tens of nanometers, or even less, in the current
hard disks. In the courbe of the disk rotation, the magnetic read/write. WO
200971137318R6FIBR24108/062459 elements can be utilized to read/writehits:akdatasalong a
magnetic track on the magnetic disk. ft is known that the heads emoloyed in the known hard disks are
very complex and delicate- and thus are checked befare the assembly in the hard diskh. Generally,
The heads are checked once they have been assembled in 'Read Gimbal Assembly" (HGA) or one or
more HGA have been assembled in a "Head Stack Assembly" (RSA). Typically, the EGA includes a
head with an asseciateéd 19 slidenandra resilient thin platévtoiwhkichithe hdad iseonnectectby means

of a joint. Each of the,thin plates has pnerench-QpRasite withespect to the end carrying the head,
which is connected to a S-shaped support or_"2-block” having a plurality. of mutyally, parallel wings.
The assembly 15%gf the h-%?géieéqﬁ%%th%%ﬁGfsa%?calfg% [(éA and is utilized fo/ra{;e%ding Or writing on
one face or both f’rif@fa%%gyof%W&Fﬁo?@%&&ﬁétf@ﬁ%k?.”ﬁhéﬂ [(GA afso incides a Bearing which
couples the HSA ttb staticwary.componrent pars 6fithéshard disk and enables the former to rotate under

the 20 control of agnetos1ofthe %EM (Bloice God Mofort)fer moving thensragneticcheadson the
magnetic disks. Checking operationsGarried @ onihe £8A, before the latter is-assembled in the hard
disk, typically include dimensjonal and affityde cieckinc of the heads, ofthe.gssaciatedssliders as well

as of the h-block wings. Such checking gperations are carried o %dicated ssystems th(?t typically

comprise a rest stiitie! téferehce andlocking déVicesf the éivyﬁ()% e Eheckéd Tor ?etf%rrlng and
locking the (GA inlthéaest stractérer eRéERiRGdevices for 30 Thécking e comrmity-of the
dimensions and therattitudei("roll"rangle and ichi'camgle) bhtiie KGA-withitherprpjectspetifications, and
displacement devices of-the [(GA farratating-and/ersiranslating the&E Sawith kespecido theschecking
devices. EurOpeaI{]epz?‘é?mw %‘cgk?]i%z%%]h%%%(yggloi?gsgnli—shaped support or “E-block”
having a plurality of mutually parallel wings. The assembly
15 6f the E-block and the HGAs is called HSA and is utilized
for reading or writing on one face or both the faces of one
or more magnetic disks. The HSA also includes a bearing
which couples the HSA to stationary component parts of the
hard disk and enables the former to rotate under the
20 control of a motor of the VCM (“Woice Coil Motor”) type,
for moving the magnetic heads on the magnetic disks.
Checking operations carried out on the HSA, Dbefore the
latter is assembled in the hard disk, typically include
dimensional and attitude checking of the heads, of the
25 associated sliders as well as of the E-block wings. Such
checking operations are carried out by dedicated systems
that typically comprise a rest structure, reference and
locking devices of the HSA to be checked for referring and
locking the HSA in the rest structure, checking devices for
30 checking the conformity of the dimensions and the attitude
(“roll” angle and “pitch” angle) of the HSA with the
project specifications, and displacement devices of the HSA
for rotating and/or translating the HSA with respect to the
checking devices.
35 European patent No. EP 1029219 Bl discloses an
optoelectronic apparatus for checking position and/or form

deviation of mechanical pieces, for example HSA sliders,



optoelectronic apparatus for checking position and/or form deviation of mechanical pieces, for example
RSA sliders, WO 20091037318PalEP2008/062459 which includes, among other things, a base, a
locking and reference system for the Er-block of the RSA to he checked, detection devices with an

optoelectronio sygteimyéasRAaviding signals indicative of the position of the piege 5 companent parts, a
processing unit for processing signals mrovided by the detection devices, and a rotation System

enabling mutual rotations between the piece and the optoebectronic system. In the course of mutual
rotations between the NSA and the opnoefectronic system, signals 10 indicative of the spatial position
of the sliders are detected by means of the optoelectronic system. Once processed, said signals
provide informationseengerning the dimension andler-the-attitude af thessliders withy respegtfo a
reference plane, whicfiisdefined by the base. The-interpational patent application pyblished with No.

NO 2006/097445 discloses an oploelectronic apparatus which can check dimensions an attitude of
mechanical pieces, in particutar NSA Siiders, fiaving Shall&F difieRsionsthan thésé Theckéd with the

apparatus illustratétf i’ thie-patent PoPNS. EPFOPI2TFERE the position of the piece
Theoptoelectronicaspmatasdisclosédinpatent publication Noi NG 200609445 includes a base, a
locking and referemce system for the5-bleck of the: ESAtoke cheekeds a franslation sysfem, and a
rotation system 25&nabling;mutual franslatiens andJotations between the piece and the .
optoelestronic systoem,oigltge course o; V\éhci(éh an f)rptoetlleectrgnic devic% provtidef signals indicative of
the position of the Shders of the HSA to'be checked. Stich an“dpparatus Provides rémarkabré
standards of metrdl6gicar30 peforfahcé*BAd &R providerhastirss relaédterheight @riattitude of
the sliders thaf aré referred 15 a loEatingeplarneadefinedysthiel baseo in theappdrateses disclosed in
the previously mentiored: patentdocuments, dhe stiders attitade is-detected iB@tem. oOnce

processed, said signals provide information concerning the
dimension and/or the attitude of the sliders with respect
to a reference plane, which is defined by the base.

15 The international patent application published with No. WO
2006/097445 discloses an optoelectronic apparatus which can
check dimensions and attitude of mechanical pieces, in
particular HSA sliders, having smaller dimensions than
those checked with the apparatus illustrated in the patent

20 No. EP 10292198 B1.

The optoelectronic apparatus disclosed in patent
publication No. WO 2006/097445 includes a base, a locking
and reference system for the E-block of the HSA to be
checked, a translation system, and a rotation system

25 enabling mutual translations and rotations between the
piece and the optoelectronic system, in the course of which
an optoelectronic device provides signals indicative of the
position of the sliders of the HSA to be checked. Such an
apparatus provides remarkable standards of metrological

30 performance and can provide measures related to height and
attitude of the sliders that are referred to a locating
plane defined by the base.

In the apparatuses disclosed in the previously mentioned
patent documents, the sliders attitude is detected in a
35 checking condition and is influenced by the HSA E-block,

since the arrangement of the parts to be checked 1is



35 checking condition and is influenced by the USA F-block, since the arrangement of the parts to be
checked is WO 2909/037318PCTIEP2008/062459 established by the connection of the S-block to the
locking and reference system. The attitude of the USA sliders in a working condition, which means

once hd USA hgg breg;asgembled in the associated hard disk generally ditfersebinpéhgattitude that
has been previously checked, owing to the influence applied not only by the S-block attitude but also
by the bearing attitude, which couples to a suitable seat of the hard disk and thus determines the
whole attitude of the HSA in the working condition. That is, whether attitude of the is checked with
reference to the 11-block, the conditions of the Hi6A are not taken into consideration, and this can
introduce errors. % other: woeds sliders having: aniattitude aceording tathe projeet 16csphaificatihns in
a checking conditign, ¢cauld -have anattitude differing from the project specifications in a working
conditjon, and vicﬁ;\éerggt D&%gsu& otcc%pe invention, 20 psbjelcg of the &JE?SQt inyention g% to provide a
checking apparatus and relevant method for H.S.A.s 0 ‘hard disks which overcome. the dtlggdvantages

of the known app&rafibed’'§id fnethdas, the HSA has been assembled in
5 associated hard disk, generally differs from the attitude

that has been previously checked, owing to the influence
applied not only by the E-block attitude but also by the
bearing attitude, which couples to a suitable seat of the
hard disk and thus determines the whole attitude of the HSA
10 in the working condition. That 1s, whether attitude of the
sliders 1is checked with reference to the E-block, the
working conditions of the HSA are not taken into
consideration, and this can introduce errors. In other
words, sliders having an attitude according to the project
15 specifications in a checking condition, could have an
attitude differing from the project specifications in a

working condition, and vice-versa.

Disclosure of the invention

20
Object of the present invention is to provide a checking
apparatus and relevant method for HSAs of hard disks which
overcome the disadvantages of the known apparatuses and
methods.

25 This and other objects are achieved by an optoelectronic
system and a checking method of the static type according
to claim 1 and claim 6, respectively.

The optoelectronic checking system according to the present
invention enables to check attitude characteristics of HSA

30 component parts, such as for example the bearing, that are
essential for evaluating the arrangement of the sliders and

thus of the read/write heads with extremely high accuracy.

Brief Description of the Drawings

The invention is now described with reference to the

enclosed sheets of drawings, given by way of non limiting



25 This and other objects are achieved by an optoelectronic system and a checking method of the
static type according to claim. 1 and claim 6, respectively. The optoelectronic checking system
according to the dresent invention enables to check attitude characteristics of USA 30 component
parts, Such as fgr e Ehe bearing, that are essential for evaluating thg n { nt of the sliders
and thus of the %%gﬁ%t% 1eads with extremely high accuracy. Brief Descrlgﬁr(/)&%% %F?é%ﬁ?awings WO
2009/1137318PC1'/F,P20118/116 -0- examples, wherein: figure 1 is a perspective view of a
checking system according to the present invention, with some elements omitted for the sake of
simplicity; 5figure 2persPective view of a component part of the checking system shown in figure 1;
figure 3 is a longitudingl crass-section along the plane XZ of the component part of figure 2. Best Mode
for Carrying Out the Invention An Ppgoselectronic chgglggg system % iacgorcqilgg fo rghe r%st%?pt invention,

for an H.Sa that is showﬁllﬁ%?mpllfied waay i%eﬁgst?reevl, inCludes a base 2 carry|n3g d reférence system

40 for an Feblock 29°6Fthe"8SA fo be'éheBkEAE TockiMtFsysteny 4 dnda detéttior $5A8MS The
locking system 4 iy e 8f aknhowrs type having arted 5 which carries a floating ball 6 for locking the
E-block 29 to a stationaryisupport, in patticulas aaeference nasepiece 3omben20. detection-device may
be for example of the opteeigctionic, shadow casting.type,which is per se known and thus illustrated in
an very simplified way w%tlhgtlpgeblcgck% @,Baregg%%elrghn&%g lemitter and a receiver rescge%tli]\éely. A

) . . Cross-section alon
processing unit C is connected to the optoeleetronic .
plane XZ of the component part of figure 2.

10 Best Mode for Carrying Out the Invention

An optoelectronic checking system 1 according to  the
present invention, for an HSA that 1s shown in simplified
way in figure 1, includes a base 2 carrying a reference
15 system 40 for an E-block 29 of the HSA to be checked, a
locking system 4 and a detection system. The locking system
4 may be of a known type having a rod 5 which carries a
floating ball 6 for locking the E-block 29 to a stationary
support, in particular a reference nosepiece 3. The
20 detection device may be for example of the optoelectronic
shadow casting type, which 1s per se known and thus
illustrated in a' very simplified way with the blocks A,B
representing an emitter and a receiver, respectively. A
processing unit € is connected to the optoelectronic
25 system, in particular to the receiver B, for processing the
signals provided by the latter.
The reference system 40 includes the reference nosepiece 3,
a floating device 10, a ball 12, a thrust element 13, and a
reference plane surface 27 (figures 2 and 3). The reference
30 nosepiece 3, defining a reference system XYZ, 1is connected
to the base 2 and 1is substantially cylindrically shaped
with a longitudinal through hole 7 defining the direction
Z, two side openings 8,9 and a reference annular surface 25
for the E-block of the HSA to be checked. The reference
35 nosepiece 3 also includes a lower opening 14 wherein the
ball 12 is housed and can slide along the direction 7. More

gspecifically, the ball 12 is arranged between - and in



25 system, in particular to the receiver B, for processing the signals provided by the Tatter. The
reference systew. 40 Includes the reference nosepiece 3, a floating device 10, a hall 12, a thrust
element 13, and a reference plane surface 27 (figures 2 and 3). The reference 30 nosepiece 3,

defining a refeepc fi%g%% XYZ, is connected to the base 2 and is substgnfially, cylindic ally shaped
with a longitudinal through hole 7 defining the direction two side openings 8,9 and a reference annular

surface 25 for the F-block of the USA to be checkd _The reference 35 noseniece 3 also includes a
lower opening 14 wherein the tall 12 is housed and can slide along the direction Z. More specifically,
the ball 12 is arranged between - and in WO 20091037318PCTIEr2008/062459 contact with - the

thrust element. 13, for.example.a pneumatic.gylinder, and-thefloating deviee 19; hich is partly
housed in the through hQEIe 7 acn}éqcag flboat W|th|n g@g ngggg;g%%s IO?J@E‘EBQ device 10.includes a
d

floating clement It duex?nln an adjustable plane and is locked by a not |Ilustr%ted screw between a rest

element 15 and & flo4tig HBEéﬁ%CéﬂG%lﬁ&éor‘é%flsﬁ]r%@e 56 *Fhe fidating efemént 111s suitably
shaped, as it will Bechersinattecdistlosettinfdétdlill aAdTavstas exbernds ]a%lﬁé aEdifdction Bansversal to
the directionZ. Thedteatinglelemeritnih pratrudes fromethie sidezopeningsi® 3 of hesepiece 3 and

includes a first shaped end portion.17 featuringtwo,.Jengitudinal ptane surfaces 18, 19:being 'mutually
Convergentandc¥¥”“n9§g]e %%eplg%% 16 having & rest surface 26. The
floating element 11 is suitably shaped, as it will be
hereinafter disclosed in detail, and mostly extends along a
10 direction transversal to the direction Z.
The floating element 11 protrudes from the side openings 8,
9 of nosepiece 3 and includes a first shaped end portion 17
featuring two longitudinal plane surfaces 18, 19 being

mutually convergent and defining an edge 20 at a

et
w

substantially middle longitudinal section of the floating
element 11. The end portion 17 also includes a checking
portion 21 with a decreasing thickness which defines a
suitable sloping plane surface 31, for example with a slope
of less than 10°, with respect to the adjustable plane
20 defined by the whole floating element 11. An end portion 22
' of the floating element 11, which is longitudinally opposed
to the first end portion, includes a slot 23 for a guide
pin 24 connected to the base 2.
The optoelectronic checking system 1 enables to check the
25 roll and pitch angles of the bearing of a HSA in a static
way, said angles being defined as rotated arrangements of
the bearing about directions X and Y perpendicular to the
direction 2.
The operation of the optoelectronic checking system 1 1is
30 herein disclosed in more detail.
In a preliminary calibration phase, an HSA sample 32, which
is partly visible in figure 3, 1is checked for determining a
‘sample attitude to which the subseguent attitude checkings
carried out on the bearing of the HSA will make reference.
35 An HSA sample does not typically includes the bearing but
it is shaped so as to include an external surface 33

reproducing the theoretical arrangement of a working



15 substantially middle longitudinal section of the floating element 11. The end. portion 17 also
includes a checking portion 21 with a decreasing thickness which defines a suitable sloping plane
surface 31, for example with a slope of less than 10, with respect to the adjustable plane 20 defined by

the whole floating element.11. An end portion 22 of the floating element 1 %l}g tudlnally
opposed to therlbl?st endsportlon includes a slot 23 for a guide pin 24 conn]ggg t%({%ul&t?ase 2. The

optoeleotronic checking system 1 enables to check the;2J5 roll and pitch angles of the bearing of a
USA in a static way, said angles being defined as rotated arrangements of the bearing about directions
U and Y perpendicular to the direction Z.  The operation of the optoelectronic checking system 1 is
30 herein disclosedin/meke detailyin %Qg@lim@anég@%bragmpt@sgu@@alé%@mra@nélM&hich is

partly visible in figure. 3, is checked ]t‘%r (di%ttermllg@ gggjolg%z}\tltqge to, Whl%h tq% gub yent attitude

chdckinps carried out on the bearing of the NSA wi ill make reference. An USA samp le"daes not

typically includes the heaririy But it |§%%aﬁ%ﬁe§6 35 t6 nditae A BxtsarsaA&es 3%4 Wo @
20091037318PCTIEP2008/062459' surface of the Bearing: skid working surdace cdefising in turn the
working attitude of-The HSAoHende; theddSAesamples82fisdecatesl and refereed at positioning

surfaces 34 of a firgt compenent pagn'@n pestigular: pf,therassacigted 35 Siblack, @n the reference
surface 25 of the rggntr}gngg Q%ggpégc% 3.and Icigkggebcyel;hre floating ball %gf e Iogklnrg d§V|ce 4 ata

Predetermined checklng osition, |n such away. that the thin plates of the USA are arranged

substantially paralfét 5 the ﬁ’@é‘un@ dlemenit 117 alterfet! 16 Wit the End Portiéh 4 72 Orid fotked the
USA sample 32 |n5tH€S§rfé®‘é%éﬁrﬁhﬁeﬁéﬁéﬁéé@ihgfﬁbsﬁ%% the prietfimaticeprston 1 actubtédder urging the
ball 12 against thewrest etéraentd5wfthédloatihg device 10qwhichissiniam weged to 8@ntact a second

component part of:the USAsample 324 in-13 particulyythe-abave-mentioned-exdernal syrface 33.

Thus, the rest surfage.28 o1 I f'?@P“QJ%?%%P'SBS 10.fullyyrests,onhe @xernalsuriags, 33.0f the ESA
sample 32 and re duces % ttitude of the latter. Ais the floatlng element 11 is integral Wlth the

floating nosep|ece 6, the 20Former takss the same Attitude of the' OSA saniplé 32°966. It Should be
noted that, althoug’r?fh@%tflél:kft§?éfé?re¢cP¥6>ﬂﬁ@F€Ter¥éﬁ’ée rosepicce’3/thé Fiating Hement 11
contacts the exterpaksurfade 83wfthe ESA-samplec32whictt reproduces the bedBing Eimdstakes the
attitude of the latter25 regardless of the 3-blogk attituder The-utilized optgelectronic detaction device

s, as hereinbeforegaic, of ihe kpown. shadow castigodyag and indludes Anamitier A pmyfing infrared
beams (shown in SI ppI|f| d form lﬁ/ broken Ilngs in ngur la d?d identified 33 by reference number 28)

that travel towards &'eCeiVer B inciuding a plurality of photodétettors. A'fnechanicaliiécédocated

between the emittér A&Ad thé réceivBF BIpartlyintércépts theterittéd heanrd 28%arikf astae
consequenceé Jjustta pastroftthesemitted beams28 is-detecteéd bythé& téceiver Be Th2, part of emitted

beams 28 that arerdetegted by ithe receiver Barpvidesripformation abeutthe dimenstans-efithe
'neChanmalmeceinfiﬁﬁéseggyéygﬂ%@y'nosepiece 3, the floating element 11
contacts the external surface 33 of the HSA sample 32 which
reproduces the bearing and takes the attitude of the latter
25 regardless of the E-block attitude.
The wutilized optoelectronic detection device 1is, as
hereinbefore said, of the known shadow casting type and
includes an emitter A emitting infrared beams (shown in
simplified form by broken lines in figure 1 and identified
30 by reference number 28) that travel towards a receiver B
including a plurality of photodetectors. A mechanical piece
located between the emitter A and the receiver B partly
intercepts the emitted beams 28 and, as a consequence, just
a part of the emitted beams 28 is detected by the receiver
35 B. The part cof emitted beams 28 that are detected by the
receiver B provides information about the dimensions of the

mechanical piece in a per se known way.



WO 2009/037318PCT/EP20418/062459 The op:oelectronic device is arranged. in sucha way that the
emitted beams 28 lay substantially on a plane YZ perpendicular to the direction X and the floating
element 11 is arranged between the emitter A and the receiver B. "he floating element 11 thus
intercepts the hggms48-gpitted by the emitter A and determines a. shadewareaddpendhe receiver B.
In particular, at a determined transversal section, the optoelectronic device detects a thickness
dimension or "virtual" thickness of the floating- element-10 11, which corresponds to the length along
the direction of the projection of the considered section of the floating element 11. At a transversal
section of the checking portion 21, the "virtual" thickness detected by the optoelectronic device 15
depends on the stope ebthe-planersurface 31 with respeacttonthedplane XicGuch asloperdepends on
bhoth tne gelom(?triggh%hag%gﬁggg?sb@%%ghfezﬁgttiltzqsg; g;gt]gglp@gigggqlgwe%lll@ngggﬂg_de}ég(r)mki]ned by
the roll angle of the external surface the as hereinbefore ined. Durin the
calibration phase%%?ﬁgad&lﬁuvyl } the' BS esadrﬁf)fiecéid Fhe%:e ?sngss%{lrﬁed%%t% thrégthiect%%fgbdimension
of the floating elefent 112 d&tértad ab & ddtaimined traidveiSarsettion bf the ERECKinG gortion 21,
corresponds fo a Zero value of acrolkarglen 25 BY vittbe of thetsiopgeof theplanetsiface 34 with
respect to the adjustahleplane defineg by-the foating elerent kst is passible, for limitechvalues of
the roll angle, to dﬂgcgg@g@g&vgia@psp%flipgcqulaqqgIg@rg p@@@@&gq@@gg&%@sl\t@g@mise the
plane surface 31 were paralle] 30 to the adjustable plane, ratations geuring.in heth ditections would
cause an increasing Sfthe - detected thickness dimension. On the contrary, when the plane surface 31

is suitably sloping’ tREETRBUNOT the Virtii thickfesSa8pEnds ot tife rg{gﬁ&%ﬂ?reét}(?ﬁ“%ﬁhe floating
element 11, By way of exarhplepstsiioulddse notedhthat, saith refeterice tortheVieRrof-figure 2, when
the floating elemesnt 1k eotates abeut the direstionot ini a«cleckwiset WO of the floating
2009103731F1PCRER2Q08/062459 -9 direction, the virtual thdcklitss increases; whereas in the case
of rotations of the floating element 11 in a counterclackwise direction, the virtual thicknoss decreases.
5itis also possibl%htoachge%ﬁqﬁg%reslaﬁt and (t%hleorﬁit(% al;ltvéleé oﬁﬁggﬁ%)%%nf Oe%é:ﬁ]errl]t 11, and thus of the
&

external surface 3% 6f e USA 8ample 32, b5 thetkihg™by fiean ot ¢ %thESSI“e%tr%ﬁY&S%tection
device - the height@ndhitrclinatiorhen plane X7Lofthe edge20 sit i 5 be hoted Hiat! fsiriififted
variations of the rell angle pthenedge 20sdefines,theruppeiend of the wirttialthickness=ofrthe floating
element. 11 at the.considered transversal segtion.and is,net eclipsed by other: pgints  efthe:end portion
17. An height reference value can be associated.to the height.15 of the edge 20 at a determnmed
transversal sectio;ﬁWitﬁﬁrléFel%}eﬁcse,%ce)rt?n%%ﬁgé? t%ﬁihg??gfe%rr}%ée a%%éjneesﬁrface 27. The pitch angle can

be checked by refgatiAGhd height-Ofeckifiy 4 thé HIoATRY elaRTeHL EAY At kst orfe diffstent

transversal séctiontinclueing the edge@: smdcarried out with the HSA sample 32,
there 1is assumed that the thickness dimension of the

floating element 11, detected at a determined transversal
section of the checking portion 21, corresponds to a zero
value of a roll angle.

25 By virtue of the slope of the plane surface 31 with respect
to the adjustable plane defined by the floating element 11,
it is possible, for limited wvalues of the roll angle, to
detect whether variations of the roll angle are positive or
negative. If otherwise the plane surface 31 were parallel

30 to the adjustable plane, rotations occurring in Dboth
directions would cause an increasing of the ~detected
thickness dimension. On the contrary, when the plane
surface 31 is suitably sloping, the amount of the virtual
thickness depends on the rotation direction of the floating

35 element 11. By way of example, it should be noted that,
with reference to the view of figure 2, when the flocating

element 11 rotates about the direction X in a clockwise



20 processing the achieved results in a known way. In this case too, it is possible to associate a value
equal to zero to the height and pitch value which is detected when the USA sample 32 is assembled.
Once finished the preliminary calibration phase, it is possible to proceed with the meal check and
replace the US ith an ESA to be checked. Similarly to what has been previously
digclosed, the U § %@ﬁrgfgg to the annular reference surface 25 by meaﬁgyiEgﬂ(f?Aer@B‘bsitioning
surfaces of the E-block 29, and is 30 locked in a predetermined checking position by the locking
device 4. Once the checking position of the USA is defined, the pneumatic piston 13 is actuated for
urging the floating device 10 to contact suitable working surfaces of the USA bearing. Hence, the

foating element 11 apglejevantagjusigble plang ok the.atifude oLIhe warking,surfaces o the ESA

bearing, in terms of height and roll and pitch angles, that generally differ from the previous case WO
2000/037318PCT/EPI0081062485 TG 1= 000 the - Heating elend i T hn S

counterclockwise direction, the virtual thickness
decreases.

5 It is also possible to check the height and the pitch angle
of the floating element 11, and thus of the external
surface 33 of the HSA sample 32, by checking - by means of
the optoelectronic detection device - the height and
inclination on plane XZ of the edge 20. It is to be noted

10 that, for limited variations of the roll angle, the edge 20
defines the upper end of the wvirtual thickness of the
floating element 11 at the considered transversal section
and is not eclipsed by other points of the end portion 17.
An height reference value can be associated to the height

15" of the edge 20 at a determined transversal section with
reference, for instance, to the reference plane surface 27.
The pitch angle can be checked by repeating the height
checking of the floating element 11 at at least one
different transversal section including the edge 20, and

20 processing the achieved results in a known way. In this
case too, 1t is possible to associate a value equal to zero
to the height and pitch wvalue which is detected when the
HSA sample 32 is assembled.

Once finished the preliminary calibration phase, it is

25 possible to proceed with the real check and replace the HSA
sample 32 with an HSA to be checked.

Similarly to what has been previously disclesed, the HSA is
referred to the annular reference surface 25 by means of
suitable positioning surfaces of the E-block 29, and is

30 locked in & predetermined checking position by the locking
device 4. Once the checking position of the HSA is defined,
the pneumatic piston 13 is actuated for urging the floating
device 10 to contact suitable working surfaces of the HSA
bearing. Hence, the floating element 11 and relevant

35 adjustable plane take the attitude of the working surfaces
of the HSA bearing, in terms of height and roll and pitch

angles, that generally differ from the previous case



relating to the HI?. sample 32. In practice, the height and the roll and ditch angles of tho HSA bearing
are obtained, by means of processing carried out an the unit C of the signals provided by the receiver
B, by comparing them with the values of the height and the roll and pitch angles detected in the
calibration phase with the USA sample 32. The optoelectrenio checking sxstem can he modified,

without departifP 8’88 &cope of protection of the present 10 invention® COMpoRent parts that are

differently shaped or have different dimensions from those hereinhefore described, can he employed
as well. in particular, the floating element 11 can he differently shaped, and, for example, the edge 20
and the abutment plane 21 thereof can 15 be reversely arranged or have different slopes. MCSLLP
C_LAIMS An opt Pg{ea%tr%nictsc}/s% @fﬂ@bescg%qreela_,y.e attitude of component parts of a m_echanical
piece, the 5 mechanlcaprl%ce including positioning surfaces and one componentrpalrt of S%Id
component parts Acl@ding a Working sutface? saff Sptoicttrofic system comprising: <> ©

the HSA bearing are obtained, by means of processing
carried out in the unit C of the signals provided by the
5 receiver B, by comparing them with the values of the height
and the roll and pitch angles detected in the calibration
phase with the HSA sample 32.
The optoelectronic checking system can be modified, without
departing from the scope of protection of the present
10 invention. Component parts that are differently shaped or
have different dimensions from those hereinbefore
described, can be employed as well. In particular, the
floating element 11 can be differently shaped, and, for
example, the edge 20 and the abutment plane 21 thereof can

15 be reversely arranged or have different slopes.



a base; a reference system, connected to the base and 10adapted to refer the mechanical piece in a
predetermined position,the reference system including a stationary support which defines a r. § ence
plane and is adapted to cooperate with said positioning surfaces in order to locate the 15%%$1anical
piece; an optoelectronic detection device; and a processing unit adapted for receiving and processing
signals of the optoelectronic detection device; 20whérein-said reference system further includes a
floating device which floats with respect to the stationary support and is adapted to be urged 70
contact said working surface so as to take the attitude of said one component part, said floating 25
device includ%éﬂf%ating element which defines an adjustable plane adapted to cooperate with the
opmoelectronic detection device. MCSLLP - 12 -

1. An optoelectronic system  for checking relative
attitude of component parts of a mechanical pilece, the

5 mechanical piece including positioning surfaces and one

component part of said component parts including a working
surface, said optoelectronic system comprising:

- a base;

- a reference system, connected to the base and

10 adapted to refer the mechanical piece 1in a

predetermined position, the reference system
including a stationary support which defines a
reference plane and 1s adapted to cooperate with
said positioning surfaces in order to locate the

15 mechanical piece;

- an optoelectronic detection device; and

- a processing unit adapted for receiving and
processing signals of the optoelectronic
detection device;

20 wherein said reference system further includes a
floating device which floats with respect to the
stationary support and 1is adapted to be urged to
contact said working surface so as to take the
attitude of said one component part, said floating

25 device including a floating element which defines an
adjustable plane adapted to cooperate with the

optoelectronic detection device.



2.The optoelectronic system according to claim wherein the optoeiectronic detection device is adapted
to provide signals indicative of the position arid/or the 5 dimensions of portions of said floatin

element, and said processing unit is adapted to provide information concerning the reIaM&@éﬁﬁude of
said one component part of the mechanical piece to be checked. 10 3.The optoelectronic system
according to claim wherein said floating element incluées a checking portion having a plane surface
which is sloping with respect to said adjustable plane. 154.The optoelectronic system according to
claim 1, wherein said floating element includes two longitudinal plane surfaces that are convergent so
as to form an edge at a substantially mHdgle longitudinal section of the floating element. 20 5.The

optoelectronig system,accardingde claimsk, whergindhefloating. devies includes a-fleating nosepiece
integral with the floating element which defines a rest surface and is adapted to be urged to contact
said working grebDesunfacé of said onécomponent part of theomeckanical pieceadapted to

provide signals indicative of the position and/or the
5 dimensions of portions of said floating element, and said
processing unit is adapted to provide information
concerning the relative attitude of said one component part

of the mechanical piece to be checked.

10 3. The optoelectronic system according to claim 1,
wherein said floating element includes a checking portion
having a plane surface which 1s sloping with respect to

said adjustable plane.

15 4. The optoelectronic system according to claim 1,
wherein said floating element includes two longitudinal
plane surfaces that are convergent so as to form an edge at
a substantially middle longitudinal section of the floating
element.

20
5. The optoelectronic system according to claim 1,
wherein the floating device includes a floating nosepiece
integral with the floating element which defines a rest
surface and is adapted to be urged to contact said working

25 surface of said one component part of the mechanical piece.

6. A method for checking relative attitude of component



MOSLLP - 13 - parts of a mechanical piece by means of an optoeiec:ronic systeT, including the steps
of: locating a first component part of the mechanical piece in a predetermined position defined by a
references ystem; locking the mechanical piece to be checked at a checking positionjfrigigirtg a
floating device including a floating element to contact a second comoonent part of the 10 mechanical
piece, thereby taking the attitude of a working surfaée’ of said second component part; and

carrying out dimensional and positional checkings of portions of the floating element by means of

15the optoelectronic system. The method according to claimwherein said mechanical piece to be
checked is a'fiead stack assem efﬁ/a(llq—féjaldr%cl&ﬁﬁﬁ %n%bl‘%ﬁ%ﬁd gjpbegﬁnéfps%?(f irst ](:)%c%lrﬁgoonent

part correspogg;ifg&gg thefe-plockand-said secerd gemponent part corresponding to the bearing.
8.The method according to claim 6, wherein said step of carrying out dimensional and positional

checkings of 25 portions of. thesftoiating ®lémentinclies the stepasfichetkingahickagss dirdensions of

the floating element at a transversal section. ‘ L .
piece 1in a predetermined position defined by a

5 reference system;
- locking the mechanical piece to be checked at a
checking position;
- bringing a floating device including a floating
element to contact a second component part of the
10 mechanical piece, thereby taking the attitude of
a working surface of said second component part;
and
- carrying out dimensional and positional checkings
of portions of the floating element by means of

15 the optoelectronic system.

7. The method according to claim 6, wherein said
mechanical piece to be checked is a head stack assembly
(HSA) including an E-block and a bearing, said first
20 component part corresponding to the E-block and said second

component part corresponding to the bearing.

8. The method according to claim 6, wherein said step of
carrying out dimensional and positional checkings of
25 portions of the floating element includes the step of
checking thickness dimensions of the floating element at a

transversal section.



MCSLLP - 14 - 9. A method for checking relative attitude of component parts of a mechanical piece by
means of an optoelectrohic system, including the steps of referring a first component part of the
mechanical piece to a reference system; locking the mechanical piece to be checke, @é@_@ecking
position; bringing a floating device including a floating element to contact a second component
part of the 10 mechanical piece; and carryingout dimensional and positional checkings of portions
of the floating element by means of the optoelectronic system, wherein said mechanical piece to be
checked is a head stack assembly (HSA) including an E-block 15 and a hearing, said first component
part corresponding to the E-block and said second component part corresponding to the bearing. 10.

The method according te elaim 9rwhergin:saidrsieprefi 20 earsying eutdimensionalansbpesitional
checkings of pbrtions of the floating element includes the step of checking thickness dimensions of the
floating elementratsa tpdnsversarsegtihal piece by means of an optoelectronic

system, including the steps of referring a first component
5 part of the mechanical piece to a reference system;
locking the mechanical piece to be checked at a
checking position;
bringing a floating device 1including a floating
element to contact a second component part of the
10  mechanical piece; and
carrying out dimensional and positional checkings of
portions of the floating element by means of the
optoelectronic system, wherein said mechanical pilece to be
checked is a head stack assembly (HSA) including an E-block
15 and a bearing, said first component part corresponding to
the E-block and said second component part corresponding to

the bearing.

10. The method according to claim 9, wherein said step of
20 carrying out dimensional and positional checkings of
portions of the floating element includes the step of
checking thickness dimensions of the floating element at a

transversal section.



