1- DESCRIPTION <<APPAARATUS AND METHOD FOR CHECKING
POSITION FIND/OR SHAPE OF MECHANICAL PIECES>> 5 Technical
Field The present invention relates to an optoelectronic apparatus for
checking position and/or shape of a 10 mechanical piece, comprising a
base, a locking and reference system fdr-the piece to be checked,

~ detecting devices with an optoelectronic system for providing signals
indicative of the position of at least some parts of the piece to be
checked, a rotating system enabling rotation 15 displacements between
theldStoRletIrioiiic system and the piece to be checked about a
longitudinal axis of rotation, and a processing unit adapted for receiving

the si t froni¢ system and providing information
relé%‘nggeto tciLUg:)esﬁ%gn%%égtéos é:ﬁ%ﬁve%pi%(&% 198 HeBHEEKeRHAPE OF
The invention also relates to ¥Fr&EHBAIdECRIEGRG the position and/or .

5 shape errors of a mechanical piece, by means of an apparatus including
a locking and reference systeny forthe @ieicegﬁoe% checked, detecting
devices for 25 providing signalsndicative-of the-position of at least parts
of the piece to be checked, and driving devices between the locking and
reféfefice BYSieAaNnd fevdatdating deleds; she methoshinclugingahec: ronic
stepsd catising rd@tion ctisplacegentsbetwesn thelaoking aggap -

1oreferenge systam agd.3Q the detecting devices about an axis of rotation,
processingnsgneélzi)rovided by%%ge g{et:géct}ing %Ie\?l%aegefh thécour8& /s the and

rotation dispracemménts Th order (o Botdin S rmt&tioRe rekitrglethe detect ing

posifidi+ GRA/IFtRE strapersfiessictens che pheekedoans CaUSHHAI U 21 5

trarisiations:betweet thad5ppiece tope chegkediand thedptecting, o -
devi long apia | Xis, tr | with respect to the axis of

\@%%'i:é Rg apansiation axis, FLVEFFVITL IGSpect o] Iing rotation

15 displacements between the optoelectronic system and the

piece to be checked about a longitudinal axis of rotation

' | ’ : ota ,

and a processing unit adapted for receiving the signals of

the - optoelectronic system and providing information

relating to the position and/or the shape of the piece to
20 be checked.

of a

The invention also relates to a method for checking the
position and/or shape errors of a mechanical piece, by
means of an apparatus including a locking and reference
system for the piece to be checked, detecting devices for
25 providing signals indicative of the position of at least
parts of the piece to be checked, and driving devices
between the locking and reference system and the detecting
devices, the method including the steps of causing rotation
displacements between the locking and reference System and
30 the detecting devices about an axis of rotation, processing
signals provided by the detecting devices in the course of
tk}e rotation displacements in order to obtain information
relating to the position and/or the shape of the piece to
be checked, and causing mutual translations between the
35 piece to be checked and the detecting devices along a

translation axis, transversal with respect to the axis of
rotation.

AMENDED SHEET



rotation. AMENDED SHEET - 2-Background Art AMENDED SHEET WO
2006/097445 PCT/EP2006/060655 The invention is particularly suitable
for checking mechanical pieces with extremely small dimensions, like
component parts of hard disk storage units. Such units include magnetic
read/write heads - for reading/writing 5 liformation on disks - coupled to
extremely small- dimensioned sliders, for example in the order of the
millimeter or even less. Stationary supports carry, by means of an elastic
coupling, the sliders that make the magnetic head "float" over the surface
of the associated 10 disk wheA & ¥t s diven into rotation, for
example by an electric motor. The rotation of the disks and the specific
shape of the sliders generate a lift that tends to displace the sliders and
the magnetic heads away from the surfaces of the associated disks,
opposing the force 15 applied by the elastic coupling. The balancing of the
elastic coupling force and of the lift allows the magnetic heads to position
themselves at a practically constant height over their associated disk. In
order to achieve a correct read/write process, it is very important that the
20 slider be arranged in the right attitude so the proper lift be generated
and thus the proper height of the head over the disk surface, typically
between approximately 5 and 50nm, be obtained. In industry the trend is
to manufacture ever smaller hard 25 disks, the latter being utilized even
in extremely small- dimensioned devices, like photo camera and digital
video camera apparatuses. As a consequence the dimensions of the
sliders and those of the other component parts, that must obviously
maintain and improve the high quality and
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30 reliability features, are extremely reduced. European patent

W 0":25?;5]7/9927? 9-B1 discloses an optoelectronic apparatus for ﬁ%ﬁ/ﬂ@@%@zss
and. p

or shape error checking of mechanical pieces with complex shape,

for example supports with a plurality of wings (or "E-blocks") for magnetic
35 read/write heads of a hard disk. Thé apparatus includes, among other
things, a system for locking and referring the piece to be checked and
Tgl_gtectin devices including an \Q/_O 2006/097445 Pg: /EPZO%G/OGOG%S }4{1

yoeled Ygﬁllglscflrsltem%f’or e&%ﬁnpﬁg% e knowir shiadow cas%ﬁg tycpe?C 09
& peEead be Eheced dhtilthes shtseledtroniesyslentédiracdomplish,l ke
amprgeimihes dhings, gelativerbtadionidisplasempntsiabiots a longiudinalits
a5 The.gpigelesctronic.system incluges, a light enaitter, for, gXamplR N 1 g

the infrared wave length, transversal to thgI longitudinal axis and directed

1BNAFEE 5 T8Reivé for “exiiiple of tHe pRdBRensitive CED ElRAYge SMa i1~
Togpled Devdce'y liygerFhe stpporefsrrdgnetictheddsto Badhecked is the
@ﬂm@&ié@a@d heﬁwe@n;.amituﬂ@d rea&eiw:aroanraj;'mtemm@atport&mw&, by
A9L% emisted by the emytter dupng small clogkwisg agd countercloguise .y,
rotation displacements (swingings) performed by the optoelectronic

RARH I As HRATribed REP-1858219:8% it78 p5aSHIetd dbfket F§sociated
deomethicantshape fdaturesof did piace Lreiatingg fert examples to teample
wesitign ef seme partamithrespeet ta-armechanied refeeengeshy suitably:he
rocessing the signal- provided by the receiver.. The amopnt e
B T L T ik spC tends to

HERdeed bytne paRES bethbokirb dBRAMTOSTNESHPaRiiEy offiRs the
sigriad grevided bytthe reesiverifAs e ditheRsions ompee spacificaky thEorce
dransyersahdimensions, 1 gkthe-paddepeichecketand Wi the, swingingr  the
é"ﬂ%‘% Qgth(ge?Sﬁti%eAgCt%oé‘é%éy%tﬁﬁ“ %%Crgﬁgegtﬁ%é’ ?Qi‘t_ﬂ%rv‘v% OLE Rgnetic
Interceptea lignt and, as a consequence, the dynamics o

heads to position themselves at a practically constant
height over their associated disk. In order to achieve a
correct read/write process, it is very important that the
slider be arranged in the right attitude so the proper 1lift
be generated and thus the proper height of the head over
the disk surface, typically between approximately 5 and
50nm, be obtained.

In industry the trend is to manufacture ever smaller hard
disks, the latter being utilized even in extremely small-
dimensioned devices, like photo camera and digital wvideo
camera apparatuses. As a consequence the dimensions of the
sliders and those of the other component parts, that must
obviously maintain and i1mprove the high quality and
reliability features, are extremely reduced.

European patent EP-1029219-Bl discloses an optoelectronic
apparatus for the dimension and/or shape error checking of
mechanical pieces with complex shape, for example supports
with a plurality of wings (or “E-blocks”) for magnetic
read/write heads of a hard disk. The apparatus includes,
among other things, a system for locking and referring the

pliece to be checked and detecting devices including an
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the signal decrease. If the dimensions of the part to be checked are very
small. (for example less than a millimeter) and the swingin

WY fﬁ‘lsexample by physical features of the specific ap ‘55%(%%%60655

limited dynamics 30 of the processed signal may not guarantee the

achieving of reliable results, even in cohsideration of unavoidable optical.
noises whose negative influence increases as the dynamics of the useful
signal decreases. The apparatus according to patent EP-1029219-B1 can
Bet 38 RHLER ForThediiiG e atRinget¥eRPAR otffer feifurd® G RlidgRadov
fersid@ndaisks, s if thethansversatdimeisionsbef theebkddrsdre and  the

spnsiderahly- smad!, H@eé}@nce@ptaée%néﬂe@momﬂe@ﬁoee@ler things,
qubl ms _of scarce. | rellaglll%7 ngt SC5§141154 glgglgsggfnams
%ectronlc FOf&)paratus cheéek near c?mensmns o?a workpiece

to
W%Udmﬁt&ﬁ% é@%ﬁ%nléﬁeﬁﬁnﬁd‘gy}%ﬁﬁfoﬁcheéﬁ% Selatrer, for
wezkpigee dccording tontie shadoweastingaectiigue: rihe pieceatb beo  the

chacked,and she opia-gleglrenicyneasuiing systemGan perfarpamptial - ror
translation d%spcgcemﬁ %s alon ac Ionglgj(%g { s and rans%L rs%ea%l_sde
&hd rotations aboutthe onge?u inal axis hecﬁm% par?sg
{WEPRpiecBNBat ar@BSYimeRicalliParaiget wWitheréspekP tohe CheCked is
forngitutiined axiscthe«epto-electronic measuriagsystem asithovedercepts a
apsyersally andipogitioned, at apropgr positian, é}@ﬁér@gwﬂau%%@?gct Qma11
};1 \%ﬁrt under chegklng where sf cuslng is avglded The gpparf\t
Shows TisBest fé‘advan?ages in-chiecking parts of worjkpleces with—®
e ivalynafde dRBEASIBRS as For e%&ﬁplé’@rﬁ%ﬁbﬁ%%&ﬁksﬁ&f@:e@B As
2383820 discloses arcompenenpitement maghinesistable: forddsingidtect

plaging electrical.or slegttonie companents at. g predetemmined PQ@EE‘?& Onfor

a substrate. The machine 20 comprises placement heads’ adapted to hold

BB hpondit ahi®a ESﬁé&ﬁ%téﬁ adapted ?5’65@0&?“&1%%“5???&%%?& to a
thecpiececwith respeceoiasvo natually perpénticolardeetions Xaad signal

provided by the receiver. The amount of the wvariation, in

cements

the c¢ourse of the rotation, of the portion of 1light
intercepted by the part to Dbe checked determines the
“dynamics” of the signal provided by the receiver. As the
dimensions, more specifically the transversal dimensions,
of the part to be checked and of the swinging angle of the
optoelectronic system decrease, the variations of the
intercepted light and, as a consequence, the dynamics of
the signal decrease. If the dimensions of the part to be
checked are very small (for example less than a millimeter)
and the swinging angle is limited, for example by physical
features of the specific application, the limited dynamics
of the processed signal may not guarantee the achieving of
reliable results, even 1n consideration of unavoidable
optical noises whose negative influence increases as the
dynamics of the useful signal decreases.

The apparatus according to patent EP-1029219-Bl1 can be
utilized for checking the arrangement and other features of
sliders for hard disks, but if the transversal dimensions

of the sliders are considerably small, there can occur the
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Y. Checking is performed by rotating the component with respect to the
sensor system about a direction 25 perpendicular to both directions X and
Y. Once the component is in the proper alignment with the directions X
and Y, the substrate is translated along the same directions X and Y, and
the component is placed on the substrate at the proper position. 30
Disclosure of the Invention An object of the present invention to provide:
an. optoelectronic apparatus for checking geometrical features 35 of
mechanical parts that enables t%gbtain accurate and reliable results even

WHen the Farts 16 be Heckeds 761" AMERDELSIHEETS6- BampiE sliders

fé&-tard @isksnhaved PartiBmeRShdlR difiersions SThistandoties objéatsnic
apgrdvantagescare ankievery A apparaitsasceiding dg claim.b angi e ce
by g methodiacgordingta. f.claing, 14. The apparaius gecarding (o tggecking

present invention includes, amongst other things, a base carryin

0y ] a N

B SBT R BERAABBUr PlonGRIGHISRS GT15EARH, Fochnique.
trahsvepsglaearisiation syztarethatddfindsea rahstatibaciOraxisc measuring
trapsversabwithgespeekiodhedongiudnal axison dcking.asddeterenseny -
system.for gymechanical pigce tg be, &X@%@gs%'%d an, optoeleglionic. .\ ; ons
measuring system. Operating in accordance with the methoa of the
rBS&MSnvERTon MRS LRt eAdbids thEfiecE 18 e AfeclRaraRd thE 2
15 optaslecteortib afte @St ingssystetrtbopédurm rmamee dranstationssaleng  to
therfeansiation axisrand mutual TaiAtiopsARAEIBecNS OhEAaLONNBIigl st o
Description o he-Reawings, 20:The yaelnessa’ e displagements. s o,
along the fransJation ’

centred with respect to the part under checking,

where
misfocusing 1s avoided. The apparatus shows its best
advantages in checking parts of workpieces with relatively
large dimensions, as for example crankpins of crankshafts.

GB 2183820 discloses a component placement machine suitable
for using in placing electrical or electronic components at
a predetermined position on a substrate. The machine
comprises placement heads adapted to hold the component and
a sensor system adapted to check the alignment of the piece
with respect of two mutually perpendicular directions X and
Y. Checking is performed by rotating the component with
respect to the sensor system about a direction
perpendicular to both directions X and Y. Once the
component is in the proper alignment with the directions X
and Y, the substrate is translated along the same
directions X and Y, and the component is placed on the

substrate at the proper position.

Disclosure of the Invention

An object of the present invention is to provide an
optoelectronic apparatus for checking geometrical features
of mechanical parts that enables to obtain accurate and

reliable results even when the parts to be checked, for
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axis and other advantageous aspects of the present invention will
become clear from the following detailed description and the
accompanying drawings, given by way of 25 non limiting example only,
wherein: figure 1 is a perspective view of an apparatus according to a
preferred embodiment of the invention;6figure 2 is a perspective view,
according to a different angular position, of the apparatus of figure 1; 30
AMENDED SHEET WO 2006/097445 PCTIEP2006/060655 7 _figure 3
is an enlarged scale side view of a detail of figure 1, shown along the
dicectien Hl is figue 3; figure 44sa simplified graphical sepresentation of _ ,
the;intersectian between a surface of a slider for hard 5 disk and a plane
Y-Z; figure 5 is a graph schematically showing theoretical and actual
tr&RdS of Bign&5 Brovidtd By the 18Ceife 614 Jafswt afpatatuse fighreds  an
isePsiBiiet graphickireprasentation bf ab( they -intersedtiah betreen g to
swfacenof a slider for hard disk, at different transversal positions, and a
pl Y-Z. jqure 7 Wws, in graphical form, the trend of. signals
pr%%lgdea ;%%gcggce?\%rgopfggﬁ %p%grg%s? a}égoersd’?riﬁ;t 1515 thetiffentis des
BERNIBTE foF CaFn/ifg Wit the IRTERtGH THE S0 leicHid apparstten for
shovie i figuresdeRis 28 utilized fonthimelleckingiaf pasts of Botation, a
Qeglaalgil-@@k piece t\ﬂfﬁ ﬁaﬂggﬁgsaaseemog%aﬁee%@%‘%% Head Sfack .o s o
m " " . A of figures 1-2 IS shown In a more
dé%gjfesq,){ %u%?ﬁ%%ﬁé%ﬁ% \?vaﬁr? Efi%%%e%%n Alﬁdl? BELR EIBRbK HYLs,
witf? SX3I0RRIIRFOf ViR AR iR PRAES 460 &re25Tesh5REIS theohings 44 be
archeakpdatdret emdsppliderdectronic measuring system. Operating
in accordance with the method of the present invention, the
apparatus enables the piece to be checked and the
optoelectronic  measuring system  to perform mutual
translations along the. translation axis and

rotations about the axis of rotation.

mutual

Brief Descripticn of the Drawings

The usefulness of the displacements along the translation
axis and other advantageous aspects of the present
invention will become clear from +he following detailed
description and th.e accompanying drawings, given by way of
non limiting example only, wherein:

figure 1 1s a perspective view of an apparatus
according to a preferred embodiment of the invention;

figure 2 1is a perspective view, according to a

different angular position, of the apparatus of figure 1;

AMENDED SHEET
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50. Other details of the HSA, as the read/write heads coupled to the
sliders and the gimbals located between thin plates and sliders, are not

WEHIHK Tithe figures for reasons of simplicity and clarity. TH’«SH%S%‘%% (80653

shown in 30 figures 1-2 is under many aspects similar to the apparatus
described in EP-102921.9-BI (figure 1) and includes a base 1 to which
there is coupled a displacement system with a longitudinal translation
system 3 of a known type that defines a longitudinal axis and includes a
SUppoft S Hi%Ed 3515 thE baEE A Hy theiris st shiélhs VY sOppart & tatt of
Cagiesalprotbction sthuctarechqvitbreapon an lohbftudinaf stiderea 11 ¢an
translateqkhe protggtion skueipie finaludes W3 2006/0979446entation of
RiT/EREQ0800005R -Beamuenent Rartgidhe lRouding) §apsiation »axq
system 3, per s6 known and not shown in the figures, like driving devices
Hithka first Ste&ligMRotdr for translating the longitudinal slide 11 along the
longituthinal axisSbyl meang 5agfla fecdsorewantldetebting devicbs oiita.cal
first rataryatranselices o5 ensodanifer prayiding sighplscipdatingtei the: of a
Sgi}io” of th longitudinal slide 11 with respect to the base 1. The
onglﬁjd?r% slide "includes a movable beam 2, that can slide alon% the
protecfidf&keictire’®, 16 16 i & iI9E6ahed HreSEPRESBRGATION Oof
suppaiting twecstanchibrs 8220, Rirstsend portions ofawe fuitierspindteshard
44516 are coupled.tathe stanchian-8while seeandend pertiansatte v-z;
coupled to the stanchion 10. Two component parts with bushings 18, 20
are coupled to the guide spindle 15 14, while a third component part with
a bushiig®2ds douiiBAYS the YRidS$pIRbIEC 28, TRO EBmMporeht pares, ©f
20¢g22 ege couplede foriexaniple bysrdars obstrews aiope fustsideofarding
movable tahle 28; that is part of a displacement system, more specifically
a transversal 20 translation system 9 defining a. translation axis that is

transversal, more specifically perpendicular, to the
Best Mode for Carrying Out the Invention

The optoelectronic apparatus shown 1in figures 1-2 is
utilized for the checking of parts of a mechanical piece
with complex shape, more specifically a Head Stack Assembly
(“HSA”) 40. The HSA of figures 1-2 is shown in a more
detailed, though schematic, way in figure 3 and includes an
E-block 42 with a plurality of wings 44. Thin plates 46 are
coupled to the wings 44 and carry, at free ends, sliders
50. Other details of the HSA, as the read/write heads
coupled to the sliders and the gimbals located between thin
plates and sliders, are not shown in the figures for
reasons of simplicity and clarity. The apparatus shown in
figures 1-2 is under many aspects similar to the apparatus
described in EP-1029219-Bl1 (figure 1) and includes a base 1
to which there is coupled a displacement system with a
longitudinal translation system 3 of a known type that
defines a longitudinal axis and includes a support 5 fixed
to the base 1 by means of screws. The support 5 carries a

protection structure 4 whereupon a longitudinal slide 11

- can translate. The protection structure 4 includes
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longitudinal axis. The transversal translation system 9 includes
associated driving devices with a second electric motor 24 coupled to the

WAHHERIGHS, other detecting 25 devices with a second trans8GEEFHHIE/060655

shown in the figures), and a transmission mechanism including a joint

30, coupled to the motor 24, that carriesga worm screw 32 integral with

the joint 30 and a threaded component or lead nut 34 coupled to the

worm screw 32. A coupling element 36, 30 coupled to the lead nut 34, is
fixewh eoretmpeatile table 282 Thersatond electric-nroter 24 tansesvthieen 3,
WOFM Serewndaio otateraboutiisaxis imeithes diracioneand, 1ike driving
gansequently, the 'Eadfg%%“ to,iransiate ajong the é&%:“s'@ﬁ%@i%scﬁ?ga the

conse uence, the movable table 28 35 can translate along the guides
‘Eﬁelsﬁlhafé% 4 & With rEBﬁe&%B?ﬁ&E%ﬁ?ﬁon%ﬁobéf heans
glﬁjeallf eThe stnehionsd, dotast tamy positionsensdis 38 dliawO rotary
2@.@@9&@6&5 P CIFERZROGIO6N65% 9 kpewndype, asiamexamplelefithey to
k%%‘i%) X QBEHCaJD%’F’@héh%to%%tE%U fnfgi‘c@rﬂ%’é“'z‘{‘it Sﬁ%"%%%%% to

e table 28 in the course of the displacement alon

frifsIRfGEaxdts. TheSobRALeittre 38 Rhoperatetin %né:ixﬁgﬁrﬁ vy Tt e
apater@entimdyrabwith theeoapling dlement 86cAt Apsecontisitercf the to

moy@bleﬂaekeez&t@e@oi@mwleﬂ felsexapple by eneans of servSithg two
rchgctﬁ' 8%13 éhat é%f dgipéf”l g}:%qtosly teg.t):“ more Cciﬁca”glndles

rotation 1 system de Ines a | ngltudlna axis of rotatio
stdhfiafy €- s‘FﬁB@éﬂ%‘&pﬁ&t %o Sletetinyevites wﬁaha.na%ﬁond end
optoelestoniemeasaringsystem 531s fixedynfor exampe.byweansaofpronent
SRIBWS, ﬁi@fge@d@h@agslh@f thf@ r}%&&&p%b%@l&t%r%ﬁ@ tghled3 @@gndle
rries compone tpartso the pptgelectronic measu stem
at%f’ree é S 19 21. gjh =4 gctronlcgmgasunng s%/}g:em 5% S %/
KRoWRA SRadGv E»&ﬁmgttgf fépé%ﬁlejhﬁe thge component parts 18,

20, 22 are coupled, for example by means of screws, to a

is

first side of a movable table 28, that is part of a
displacement system, more specifically a transversal
translation system 9 defining a translation axis that is
transversal, more specifically perpendicular, to the
longitudinal axis. The transversal translation &system 9
includes associated driving devices with a second electric
motor 24 coupled to the stanchion 8, other detecting
devices with & second transducer (not shown in the
figures), and a transmission mechanism including a Joint
30, coupled to the motor 24, that carries a worm screw 32
integral with the joint 30 and a threaded component or lead
nut 34 coupled to the worm screw 32. A coupling element 36,
coupled to the lead nut 34, is fixed to the movable table
28. The second electric motor 24 causes the worm screw 32
to rotate about its axis in either direction and,
consequently, the lead nut 34 to translate along the
translation axis. As a consequence, the movable table 28
can translate along the guides provided by the spindles 14,
16 with respect to the stanchions 8, 10 of the slide 11.

The stanchions 8, 10 also carry position sensors 38 of a
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one described in EP-1029219-B1, and includes an emitter 54 for

generating a beam of light and a receiver 55 for 20 receivi Pgﬁ_the light an

[EP2006/060: 55
4gcorrespondlng electric signals. Moreover, the rotation sys
26 includes associated driving devices with a third motor 27 that causes
rotations of the rotary table 13 about th®4ongitudinal axis of 25 rotation.
Small rotational displacements of the rotary table 13 in a clockwise and
counterclockwise direction (swmgl ) enable the ends 19, 21 of sup RO
HBOXT, {HRS 1R cBMpORBRPHENS bf tHE opdekttrohic %a%ﬁﬁﬁﬁ al type,
tslysﬁenﬁ@@amegﬁdltwnmw@rhﬂmqaswfatéﬁmatplaﬁ*émzwdkﬂsmﬁnany‘c the
Retpendiculantodhe axisof miationefitbe retarytableil3sRPassiblent along
£pelialians pLIe SUPRRILS i RIS AN GOUNIAICUEK S oo pate 4n

rectlon can%e limited, In a per s€ known way that is not shown in the
Y ra{ﬁ?ﬁ’@@ by aéﬁ|t§'61€}hdj%§taﬁlﬁe?}?e%ﬁarﬁE‘&Ier‘éf:ear%ncvéjstf&e&Poethg %apling
sligedd oBBy known devices located at the interior of the rotary table 13.
Additionat datecting slevicesnrcludingpadhitd ratarzgansdueer 29, tosupled,
P“’V'd'”gﬁ%a'%w%é’%l%%”s“ér oird /EPZOPQ{QQQP%MQ depepding ;

on the angular po ition of the rotary table’13 and thus of the

Bptdel8dtronit HEAR I Y stEME S e "O55HIER 16 e Afbtdr2 7 ThEation
siedten mdors athe trstiueersaantitheidcomdporsent ax parte 6f thetation. A
sptoslactranic systemHdaeejconnggiedein asknewm \A@é{t@@@%@tegémces
snmghf(fd form in the fi fO%Lires b}y a.conductor C, loap %esa unit
mc?uélng p%wer su&gly controF gdlspflayufﬁ ction sy chematica
EREWRFTFHRLReLY altE P Enditle e By rSHerefce bt Zgafg The (of
HEA 4sofinad td5) locking ahe refereace systefre31L8f akdowna typessAsthe

she Bd@ﬁ@u'ﬁalﬁt@eng}geargp{%@l%'&e:%ﬂ%mr@aéﬁqgﬂ@g & stem 53

worktable 49, cpypleg) to fie base . for xample by.means of sgTews,, 53

is of the known shadow casting type, for example like the
one described in EP-1029219-Bl, and includes an emitter 54

s fixed,

for generating a beam of light and a receiver 55 for
receiving the light and generating corresponding electric
signals.

Moreover, +the rotation system 26 includes associated
driving devices with a third motor 27 that causes rotations
of the rotary table 13 about the longitudinal axis of
rotation. Small rotational displacements of the zrotary
table 13 in a clockwise and counterclockwise direction
(swinging) enable the ends 19, 21 of support 15 and, thus,
the component parts of the optoelectronic measuring system
53 integral with them to oscillate in a plane Y-7Z
substantially perpendicular to the axis of rotation of the
rotary table 13. Possible oscillations of the support 15 in
a clockwise and counterclockwise direction can be limited,
in a per se known way that is not shown in the drawings, by
suitable adjustable, mechanical references fixed to the
slide 11, or by known devices located at the interior of
the rotary table 13. Additional detecting devices including

a third rotary transducer 29, for providing signals
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different shape and structure, e.g. depending on the 15 dimensions and
on the shape of the piece to be checked, as described and illustrated, for

WA Pfe44n EP-1029219-Bl. Figure 3 shows some details o €FERIERHM§0655

and reference system 31, like a reference block 59, fixed to the

worktable 49, including a surface 58 thatydefines a 20 reference plane r for
the optoelectronic measuring system 53. A protection element 61 protects
the reference block 59 from dust or other foreign matter that may deposit

e Bse Siiptace 8 Eirl engs irdveart e bpfoefettrbhie systenr 33 tedrhe 13

property deteetingihe referenseqiane2xTheslwskingranddeterencess, are

i3l identifiesand fixes, the position of the HSA 40 to be checked,
ore sgecificallxt/ with respect toethe referen{e é)lane r. The operation of
kg

AN apparsfusTaccording o the inVEntich o7 Thedheckind!of thE slidarPsgent
BPtAESHSA 40hs neRit 30 kskripad withweterendd tofiguresBrpclisal, in a
appamatusgiselosed i theepresentiwention €an berwtilized-fos clieckings by

theagight-and the spatial augpgementoraiitude Unglination anales o1,
about different axes, or "roll" and ggch of each slider 50 coupled to 3§>

t9 8585 datet thin Pt 4BY As PrBVioUSy Thenfishsdathesd ik dursdave  in
oiligsettankceafod alcorrebt teadywirité gshoess A 2006/097uRs T 25.

FPed. /EBROQG/O;BQG:S&;édl Ibed—ISAéﬁﬂﬁéiX@ddOiaﬁma@Qstem 31 of
refergnaesysiem 31 inssuch,a way that the fhin plates 46,lie oq planes. 4
that are substantially parallel to the lgngitudinal axis and to the

FEASRABA xSy 5 FOF the sakS6HAdRRS tHe SIRFATGR bFtHAS, is coupled
bptoetertivric appararys xhevelvafley disclosed iy sdesoribingfidt tae have
eheaidng ot a shiflep80 acsarding o armethod that utiliges knawngrartsof +he
heanparaie. A0d desqripng ignng nen el el eI o, s
described and illustrated, for example, in EP-1029219-R1.
Figure 3 shows some details of the locking and reference
system 31, like a reference block 59, fixed to the
worktable 48, including a surface 58 that defines a
reference plane r for the optoelectronic measuring system
53. A protection element 61 protects the reference block 59
from dust or other foreign matter that may deposit on the
surface 58 and hence prevent the optoelectronic system 53
from properly detecting the reference plane.

The locking and reference system 31 identifies and fixes
the position of the HSA 40 to be checked, more specifically
with respect to the reference plane r.

The operation of an apparatus according to the invention
for the checking of the sliders 50 of the HSA 40 is now
described with reference to figures 3-7.

The apparatus disclosed in the present invention can be
utilized for checking the Theight and the spatial
arrangement or attitude (inclination angles about different
axes, or “roll” and “pitch”) of each slider 50 coupled to
its associated thin plate 46. As previously mentioned,
these features are of importance for a correct read/write

process.
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10 apparatus according to the invention. Figure 4 shows, in simplified
form, the intersection line - on plane Y-Z of a reference system

XYZ
qu%Péé(Pﬁﬁ‘/\‘}ﬁh the optoelectronic system 53 - of a substantiaﬂ)f &%@ 06/060655

surface 51 of one of the sliders 50 shown in figure 3, 15 corresponding for
example to the upper face (obviously -the- checking can be carried out in
the same way with reference to the lower face and to the associated
surface). The surface 51 has transversal dimension B. In such reference

L5t nd % s TS parhiEPo e I100Gitudidal B SF2G FGtafien a¥aTRE 31
on theebferencapldreai; tHey axislis pamies. td éhelbearnf idlarasd that
the Z axis iss petpandicyartolbeth. inctherfigure the externalsidesi@rand to
edges) of the surface. 51 are indicated by two points, ep and e,,. 25

Translations of the longitudinal slide 11 are controlled by the first electric

Fidtor aniFasscidted effdoders hotsdd in the EructiREF2an®they &fe  tPe
stoppetegor thecreagingaftaposifion innwhichthd optoeletionieosed by
measuignsystamd3 isat anansvetsal segtien plane 8b (shewrdi figures a
3)..30 lying,substantially_in the, pl of fi 4 -j jich it i ired to

rg%}%oout %%%%e?&%ﬁg cz)lg the E%(?grgSOP%%gthifdeVg%%27gc%§>r%teﬁga%(§%all and

foEEEARASSaddRBNis S B odIGHiBe Andfin A &UMEREIdtkwiGS s of the
direetior,uof the crotadtablecl 3adountiendxisf rotation, by making the

§§§i@f@p9“@ﬁm§s afrthejopfoeleckaniconapswiRg sysiersadassillatene -
e o S DR
BRIPSIGRERRN e SHBERIRNIC nRtasRirifigsysiEht 153 Y¥tets fife Surface
Spatiat Hositior of the slidbe50,shore specififallydfdie associatédgure 3,
surface Sdn forryampleduthgesped terBe rglerence.planedidefineshy tne
the syrface 38 5 ol the reference block 59,3nd the detected dala are e rence
to the lower face and to the associated surface). The
surface 51 has transversal dimension b. In such reference
system, the X axis i1s parallel to the longitudinal axis of
rotation and lies on the reference plane x, the Y axis is
parallel to the beam of 1light and the Z axis is
perpendicular to both.

In the figure the external sides (or edges) of the surface
51 are indicated by two points, ep and e,.

Translations of the longitudinal slide 11 are controlled by
the first electric motor and associated encoder, housed in
the structure 4, and they are stopped upon the reaching of
a position in which the optoelectronic measuring system 53
is at a transversal section plane 81 (shown in figure 3) -~
lying substantially in the plane of figure 4 - in which it
is required to carry out the checkings of the slider 50.
The third motor 27 controls small rotation displacements,
in a clockwise and in a counterclockwise direction, of the
rotary table 13 about the axis of rotation, by making the
conmponent parts of the optoelectronic measuring system 53
oscillate substantially in the section plane sl

corresponding to the one of figure 4. In the course of such
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processed by the processing unit 25. On the basis of the signals provided

quéﬁhe receiver 55 of the optoelectronic system 53 and by the rota

r
4UEsr 29, the height zp of the point ep can be defined”§3/EP7076/060655
function of the angle of rotation (or swinging) e of the optoelectronic
system 53. Under the hypothesis that tite- axis of rotation includes the
middle point of the surface 51 in the cross-section under consideration
shown in figure 4, the height zp can be expressed as: b zp(9) =2 x sen
{@)tﬁ*ibﬁfkljill%"wﬂ‘é?é“?ﬁ%?s tHe feigRt2 of B pomt Bp Mt I Bhpie E¥6.Cem
5B dhider8G andththe optoeledtronicssystem 58 perfdren shatlemutddl, more
%?@3@%&!\&@ r@SDQ@é?ﬁbMi&it@?ﬁi@@?sﬂaﬁiﬁsmﬁt@&% bf@mpjﬁe with
include tween.an -8k a a +(k As known, for sm
e ol of e e A e e v oo 5

ffe dMtfie if FAGEAE SR AL ETuUatRf (13N Bdsimpifieerasdonsnsa  are

zp(Pes 2D byzpph2) pAn crmddgauseduiatiin. (3) can be considered for

the maﬁlt k%b'lig(oéf( e;ﬁez"gli%hgl%S %b@ﬁqaegi%@e@@h'gmezceﬁw@rpcést of
at the-angle 0=0. On a plane 8- wn in figure 5, the equations (2

R P B s B e P r8ihucer

8PmterSectibi 1Rk is aBsuriied {HaE thEShRtenPras Bevitisifibeaned as a
properhocalibfatedhesodhaf the cOnditioat30whereby thel bgamoof lightaof the

Hﬂﬁ@@@@éﬁc‘%}%ﬁ{%ﬂ%SY§$§H<§§J§§§{%§#@J£%F€§?E §H€§§‘i%f that | the
correspands o the value U= n el e rererence planer

00100744 BCTIPI00RI0A08S5. 3 EorEATor i 1t GalkB 50" =2
51 in the cross-section under consideration shown in figure

4, the height =zp can be expressed as:
b
zp(0) =Ex sen () + 2zZpo (1)

where 2Zpo is the height z of the point e, at the angle 6=0.

The slider 50 and the optoelectronic system 53 perform
small mutual oscillations with respect to an initial
position, the oscillations being included between an angle
-Bx and an angle +8¢. As known, for small angles the sine
of the angle substantially corresponds to the value of the

angle in radians and the equation (1) can be simplified as

follows:
b
Zp(e) = "ix B + Zpo (2)
An analogous equation (3) can be considered for the point
en:
b
Zn (0) = =~ Ex © + zZno (3)

where 2Zno 1s the height z of the point e, at the angle 6=0.

On a plane 6-Z shown in figure 5, the equations (2) and (3)
are represented by straight lines Ry, and R, that meet at a
point of intersection I. It is assumed that the system has
previously been properly calibrated, so that the condition
whereby the beam of light of the optoelectronic system 53
is parallel to the reference surface r corresponds td the

value ©=0 and the height of the reference plane =x
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The point | represents the condition according to which the point ep and
the point e" have identical height zffi, that is to say they are both aligned

WeEtHE et of light of the 5 optoelectronic system 53. The \VRI&P3006/060655

indicates the height. of a central portion of the surface 51 with respect to
the plane r. The angle Or correspondings to this condition represents the
inclination CPR of the surface 51 of the slider 50 about the X axis (see
figure 4) with respect to 10 the reference plane r, and is defined as roll
anglee seehdangle cortribiatesgo tefine the spatial arrangement or. :
attituge of therslickes bO=and; dn orderdorgliaranieesa qopeneatdWite ch the

process of the head over it @sgociated digk (must have gsubgtantally,
null value. 15 In actual fact, the_signal provided by the optoglectronic

§75tER53 8 Brelled B ISisE ARETRE cofeSpdRding Runtd répréientily the
tetheighcz BPtHe poivits-ep ahdl-o. ependinie omsthingrigle 8doddaoheight
edineidesnitr portisastof dhe ctraight lines fRandk. Moreoassiese ixa the
greater 2Q inflyence of, the opgcal BB@?@%&%ER? Qf JINt@RSEEtion dy 45 ¢ o0

when beam of light and surface 51 are substantially aligned and signals

FSTRES B e opPGsitt SUrtAces SFthdRlidet 50-{ipp&Pand fwert ©Ff the
sirisleas) 30e ahixell uphandihardhsdidtimguishabie sTHe curiss strameirt to
2hdigueers sbaws solypical rend plithessignat thlchass actually begne. such
provided Qwing 19 the.abpye mentoned poise, §§%£€H of, @8@&&&%&9% or

IS obtained as the intersection of straight lines obtained by processings

ChUdifg finedf regréssiohiston te baaR of VRAILES Sfthe SRyngidarantee a
provided e thd/ wpideletrorie syste 3im linsted swinging istepsiemiated
wh'@b,thgm@&a%sga&eépﬁctaagxée@glimatmqurﬁﬁp@@ﬁg%ly, the firslst

traight line, is pbtained through_regression.processin the data relating .
E)nth%%%lllr?(taleg%f %éted%%e% iﬁqag irst lirmited %r%t%rgva??ii’k?égdeaté) tised ;;oerct Jégmc
FroteRBinghre thGdef Gthteiier 20tk itffsayhe corresponding curve

representing the height z of the points e, and e, depending
on the angle 6 does not coincide with portions of the
straight lines R, and R,. Moreover, there 1s a greater
influence of the optical noises at the point of
intersection I, when beam of light and surface 51 are
substantially aligned and signals relating to the opposite
surfaces of the slider 50 (upper and lower surfaces) are
mixed up and hardly distinguishable. The curve 8§ shown in
figure 5 shows a typical trend of the signal that has
actually been provided.

Owing to the above mentioned noise, the point of
intersection I is obtained as the intersection of straight
lines obtained by processings including linear regression
on the basis of values of the signals provided by the
optoelectronic system 53 in limited swinging intervals in
which  the noises are expectantly negligible. More
specifically, the first straight line is obtained through
regression processing of the data relating to the point e
detected in a first limited interval. The data used for the
processing are those with greater =z, that 1s to say

farthest away from point I to be determined (to which there
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farthest away from point | to be determined (to which there WO
2006/097445 PCT/PP2006/060655 -14 correspond angular values in the

WORMYH7E-62 closer to +ek), data that are presumably les$ GHEEOG0655

noise. A similar processing is performed for the second straight line, that

is obtained from data relating to the poing " 5 detected in a second

interval, more specifically the data with greater z (to which there

correspond angular values in the interval 63-64 closer to -6k). Upon the
desrareiihe randversaldithsibR bidithe stpraked 5P urine sligers to
56, and atzidenticak swiagingple sugis; tlye Variation of dightidtescepted by . A
the,slider 5% @@Qe%oé_ Eﬁ?cf’orl@ ”gp\é@ﬁr_@ﬁﬂé@f tﬂ?r_d IMERSIALZ Qﬁ&re%%%ai ght
:Ln %he graph shO\évn |r}13%g%ee , t?l};s |mpgg%§1 mmgg@lioIpe grfothg Stra;'?ohllnt e
ines Rp anolt R™8nd’a decrease of the varlabﬁi?y fhterval of z in}fﬁe g
detextd @ thtéMald (GRO2US did 83364, Inttkher tehas Hthtcaiyhdmidse oflata
the-signak previded bydhelréceivehbr decteasespbod example, inth@éues in

case of sliders wig) tigpsvessal. digengion b in the order of one millimeter
and relative rotations betw?e he slider. 50 and _ILhe ,ptoelectronig(ZO

gﬁ?tlém thafdé RAE ch%edritL ?thgﬂ&éﬁl 0t The usefli teRials fwnche

shown

rrgiRgstgied Rrmahd identifidd B9 FeftBncedAzatand dp22 i fijurevshig ing
ahteve fensnef prar Thetefore f.f tHertransversaldiptensianb ohthesslidesr 50

10, peshecked s yetysmall, ihe amplityde ofiihe ipicrvalof2s thedgliahig,, |

data can be t0o small ‘and not alJlow sufficiently accurate and repeatable

PPoceSingE X ith™ PeiEPende th AR Spetific Procesdlivy, thE detdtiRihg broPe
the poiret ofintasebtion }iasd thBs ofthe dineriich 78 dircaokhegolbt the
anglea®l, 1canybel diffiatita 80 & otder to braadesthe vagation utervak of @, -6,
L cqn e envisaged 1q increase, the amplitude f the, fofation.betwgen e -,
piece 40 and the optoelectronic sgstem 53. However,

provided by the receiver 55 decreases.

For example, in the case of sliders with transversal
dimension b in the order of one millimeter and relative
rotations between the slider 50 and the optoelectronic
system 53 that do not exceed 10°, the height of the useful
intervals (shown 1in simplified form and identified by
references Az; and Az, in figure 5) is of few tens of um.
Therefore, 1f the transversal dimension b of the slider to
be checked is very small, the amplitude of the interval of
the reliable data <can be too small and not allow
sufficiently accurate and repeatable processings. With
reference to the specific processing, the determining of
the point of intersection I, and thus of the dimension 2z,
and of the roll angle 6;, can be difficult.

In order to broaden the variation interval of z, it can be
envisaged to increase the amplitude of the rotation between
the piece 40 and the optoelectronic system 53. However,
this solution 1is not always possible, for example in
consideration of the mechanical layout dimensions of the
apparatus in the course of the rotation, of the possibility
that the slider 50 be “hidden” to the optoelectronic system

53 by other component parts in the course of the rotation,
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this solution is not always possible, for example in consideration of the

mechanical layout dimensions of the 35 apparatus in the cour%eE(rgf tr16e .
WO, 3084{8%748% the possibility that the slider 50 be "hidden” to the 1 EF2006/060655

optoelectronic system 53 by other component parts in the course of the
rotation, WO 2006/097445 PCT/EP2006/660655 15 or by problems
bound to the focusing of the optoelectronic system 53. A method of
checking performed by the apparatus according to the present invention

tSreRde SRR SRR the Hudition J8 tHESitfe 1¥ afdngthe I8RGiRRARSt o ie
sxistisrddiihed, in addition to the oscillation displacements of the rotary
Aable d3s these be mdsccantrolleddisplaserpents mdongoiber franslationr axising
of the mavable. 1able 28, 1q whichdhe, alaty table 13 is.coupled Betwaen, ¢
a first an_g a second 1.0 transversal end position. The displacenients of ,
e table e ddntrdlied by HE mbRF St ok PrevictiéitSdebbripdgt 1 ned,  in
ardasmissiontmechamispeand the positiohisensoreB8n Eyureft sHowvsriptary
simpplifiegsformiyr-a coatinuous linen thexress sedivn.efdhesusfage Soofche
fhe glider 30 gn the; 15 é%m%ﬁgc“%x%ﬂ%S't%fi%“r% At thLee i cn  the
positions: atirst fransversal end position A, a second cenfral position, and
Bhftd¥rahdbetalehdiSostiiPBsia RIGHERRE sfstéht @Yz fitdgral witlrond
the optoetectioneEndystemis3 and defireddisinlfiranen 20 Asfin tHee table

previously desaribedigpserieferenes is ohereinafierynade 40 dhe swtacer ived
1 of the upper face as an exarrrgglett%nly and the checking can3l§e carried

5
%ﬁ?ﬁ'ls les sacr)nne V%%? Wlfhlrsé?ef’ience O?hg?()sv%/grl%%esaenrastoﬁ?s

Bigvaiated saFave. 25 With ¥esgddi 16 theffefdteRde Sysfah Sdvpne line,
shderch® i translated frafn the: centralauesitidn albnghibe syl axdisrbdl vna the

positive; apd i3 2 nggative sansgforrexamplepy ap idgptical gROUNMANG:
E%%@EStggggggg%gg{en%ggsM%%%ition A, a second central
position, and a third transversal end position B in a
reference system XYZ integral with the optoelectronic
system 53 and defined as in figure 4.

As in the ©previously <described case, reference is
hereinafter made to the surface 51 of the upper face as an
example only, and the checking can be carried out in the
same way with reference to the lower face and to its
associated surface.

With respect to the reference system XYZ, the slider 50 is
translated from the central position along the Y axis both
in a positive and in a negative sense, for example by an
identical amount AY, towards the transversal end positions
A and B that are consequently located at identical
distances and at opposite sides with respect to the
transversally centered ©position. By wvirtue of the
translation displacements along the Y axis, the surface 51
forms an identical roll angle ¢r with the Y axis both in
the central position, and in the transversal positions A
and B. The relative translation and the swinging between
the slider 50 and the reference system XYZ are implemented,

in the embodiment shown in figures 1 and 2, by translation
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A and B that are consequently located at identical 30 distances and at
opposite sides with respect to the transversally centered position.

B
WQH8Hte translation displacements along the Y axis, the’ ga@g&g@é&s%ss

forms an identical roll angle rpR with the Y axis both in the central
position, and in the transversal positieri$ A 35 and B. The relative
translation and the swinging between the slider 50 and the reference
system XYZ are implemented, in the embodiment shown in figures 1 and

angy frarriatioh WEPPA66/B9748 PET/ER200B/680655 & drd fotatish 52
tisplacemadtits @ thecbptoeteetifoniersystern B3: trat defifies theateferefice the

system-Atgachekthe: yapsyersabipesitions Acand-B, there sraperiormesh a

one or.a plurality of swinging cycles between the gptoelectronic 5 $ m_ .
B3ant t«E-J)ysli(?é%r 58W§R§%@§uir%%ﬁes%eelgﬁﬁge nt_o ?h?}agspé) ahOp%osixt(l%cl;;%rcc))ip e

8 peitSSp 2t ARG efd en, Bt défite teBNISHF tHE SEfface 513h 129
the transvarsali pdsitions Alamd Bf respectivelp tEheegtapleds fiude &°, en’,
shaws thae theoretical drend ofvalues z detected by thenl O-optoekectranie sal
system 53 as fhe swinging angle 0 veriesand igpresenting the posiign of
the pom?s ep', enf and ep2, ensf%ﬁt%ougmhe optoelectronic system 3
fipedly Hors M etdcttfe endiffddgés Fath8stirfdce HI-RRERdneY the
tatterds dracentral pgsitien, B8 reasdrissofselantyithe IEgraphoffigure ¥ and
also.shows thesthegretical frandof valueszasa fundion of the swinging e 2,
angle ﬁlofﬁh%%%o”%tﬁ ep and en, that is 1o say of e ends of ihe surface o
81 in dehiral p sition.eThe%etectlng 6fvaltes Yeﬁatlng {0 the <hrface 51 o?1
it 20%higers0-atthe rdhstersdemd pesiticheA ARd BréfabRs tohen the
aaqttiee thes spatial positioredf afietittious, "Virtualt eslider swhése Uppety the
\ @nté@bs lﬁ%xamﬁlgmhes gwﬁw&sulfﬁ@rge %Jf;éf%ﬂwgeg%ers@epd of
gg‘[{%réss'onz app (longer, than that of the,real slider) and with ending pgits, .
points e, and e,, that is to say of the ends of the surface
51 in central position.
The detecting of values relating to the surface 51 of the
slider 50 at the transversal end positions A and B enables
to acquire the spatial position of a fictitious, “virtual”
slider, whose upper face (in the specific example) has
virtual surface 51’ with transversal dimension by (longer
than that of the real slider) and with ending points e;y
en?, that forms an “apparent roll” angle @rapp With Y axis.
The value of the apparent roll angle corresponds to the
coordinate Osp of the point I. of intersection of the
theoretical straight lines of figure 7 representative of
the ending points ewl, e,’. The height of a central portion
of the surface 51’ of the virtual slider corresponds to the
coordinate zg of the point Tapp.
The angle @rapp that the virtual surface 51’ forms with the

Y axis can be expressed as:
Qrapp = arcsen (AZapp/Dapp) (4)

where AZ.p 1s defined as difference in height between the

point ey’ and the point e.”.
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25 en2, that forms an "apparent roll." angle pp with Y axis. The value of

the ?g) arent roll angle corresponds to the coordinate (r),pp of the E)oint
ifBrsection of the theoretical straight lines of figure HCT/EP2006/060655

representative of the ending points epl, en2. The height of a central

portion 30 of the surface 51' of the virtgal-slider corresponds to the

coordinate z, of the point Ipp. The angle tpppp that the virtual surface 51’

forms with the Y axis can be expressed as: PRapp = arcs en (8

ZAnpappY AP Whete X pFId défied BB RiffrEnte Rt heltfHt belfesnrface

Hie 35 poiat eptiad tHE0pdinten2 W 2006/097445.s can be expressed

PCT/EP2006/060655 -17 In an entirely identical way, the angle (PR that

the surface 51 of the slider 50 forms with the Y axis can be expressed

aas= (PR =carésen-t4zkBai/b) (5) where AZreay is defined as difference in (5)

height between the Qint ep and the point en. As the swinging angles

B AE arckerHUnEID o 1 SIS Bt iaRs e he

HielafgRrapddhé&hequrribns (@) and (5) can be simplified to obtain the

fallowirg equatipns6)and €4, respectivelyt (PRapp awzapp/bappdBidid of

apd Afr%i‘é“zé%%é%gr}téﬁiﬁ%S'H?E§Qs%%ﬁi@@5€5a“§i?é'0%ngle_ and the

displacements along the Y axis, the paints epl and ep are of identical

*

REltht Awell Hs tHeSoints s, 2°8Md 2 AS ABBhsE4GEncECthaptain  the
aifferendey araigentioals, thab isan8 AZlapp eedmreat {8lnd the roll
angle ipR can he -expressed as: 'PR= (PRapp x baOp/b (9) The graph of

fierare 7 AEFRNOWE the point I, of 6)
and
Or = AZreal//b (7)

As the slider 50 performs translation displacements along
the Y axis, the points ef and e, are of identical height,
as well as the points e,’> and es. As a consequence, their
differences are identical, that is:

AZapp = DAZreal ‘ (8)
and the roll angle ¢r can be expressed as:

PrR= Qrapp * Dapp/b (9)
The graph of figure 7 also shows the point I, of
coordinates ©1 and 2z, defined by the intersection of the
theoretical straight lines that represent the points e, and
e,. Positions of points I and Isp in figure 7 show that the
surface 51 of the slider 50 and the virtual surface 51’ lie
at the same height 2zs.

The advantages obtainable by the present invention are
evident, more specifically those consequent to the
possibility of mutually translating the slider and the
optoelectronic system 53 along Y axis, and acquiring values
relating to the position of the surface 51 at two positions
A and B, that are distant, for example, AY from the central
position in one sense or in the other. 1In fact, the
theoretical straight lines representative of the points e;

and es?, i.e. of the ends of the virtual surface 517, have
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coordinates (r)l and za, defined by the intersection of the 20 theoretical.
straight lines that represent the points ep and e,,. Positions of points | and

WQ28pp10PTitfre 7 show that the surface 51 of the slider 50 anBARERAPAEA60655

surface 51' lie at the same height za. The advantages obtainable by the
present invention are 25 evident, mare gpecifically those consequent to

the possibility of mutually translating the slider and the optoelectronic
system 53 along Y axis, and acquiring values relating to the position of
tHee3tface BT ALO posfifonisckeaind B lthatdrecdistant, forlei@mpiéamy the
froev thecdential 30:position ibioressenserersiaribe oiker. brfachdhgoints e,

Qh‘-’d)feé'ca' straight lipes Jepresentative of the points epl; apdenz.ie. pf .
the en s of the w%gal surface 51' hav%WO 200 / 7445

* greHEF Sidular ReffiRiehit (in ddsbIdR i Hivahah the
Wltﬁé@@m@apﬁra‘@ﬁﬂﬁ}%sd@ﬁ%@@fﬂathﬁ df e poiResSdpcandelis system
BEspestivebhIdiscenables todinerease ifas by identcafangyabimdiewyahg the
Ehéf‘?\é%%%%ﬁé{ intepval of fhe 5f9£@§90”§1f89é/a'Usﬁe%et%‘it@&%the in the

oelectroni.c sgstem 53 and thus obtaln more réliable data for

tﬁé Uression sYFa?d’I‘?ﬂHejs X/Iorjenéféﬁt‘ff?@all)fﬁn the FRRAI the
83@4& Qhé véfrjraﬁsil|ty“bhﬁérv:&ile@ﬁfz3 afongsthé hstraighttine ehat repréddemtsed in

theypeiat en2 @Rdicates in-1@ digured buhgreferance Hzpapp)is gieader the
%%ﬂ@%b”%@%ﬁyﬁoﬂﬁm%g éﬂ%ﬁt&a'giﬁé'”ee% gx‘{’%es‘i $dhe o

point en (reference Az,,) . In the same way,” in the int 1-82

€§ﬁ§8|ﬁﬁﬁﬁ?er\7§}%f ?%\H}ﬁ; fise éﬁﬁ@‘ﬁ’f ﬁﬁ&?na’t‘?ﬁbres@ﬁts?ﬁ@ péi?ﬁ‘% Wway,

@ndmatedlxﬁbyvh?el refer®ace Pzpapp)isareater thamthervariabiify z along
%r)vgt@fa%@ip@g Idma%rem I“B%ﬁi@ifs!iﬁ@%@?%thgo@%ﬂt agl(éi(fsﬁlq,eamd
zp)...In other. words, t isplacing_ of the ends of the surface of t

S deF awa%r%?r?%he %(glg 6??ota%on olf(%h(;e 0 op Hioelec ?é)nlc afidbility

ATEREYRY s%teﬁw 53 PKtaihBa by heand b Iine’ that represents the

point e, (reference Azp).

In other words, the displacing of the ends of the surface
51 of the slider 50 away from the axis of rotation of the
optoelectronic measuring system 53, obtained by means of
mutual translations along the Y axis in a sense and in the
other, enables to amplify the dynamics of the signal
provided by the receiver 55 without the use of electric or
electronic amplification means.

In this way, both the height 2zs and the roll angle ¢r can
be determined -~ the latter through a very simple
mathematical pProcess ~ with great accuracy and
repeatability even in the case of pieces with very small
transversal extension.

The present invention makes it possible to check even other
surface features of the sliders 50 as, for example, the
pitch, by carrying out two subsequent swinging cycles at
two distinct section planes 81 and 82 (shown in figure 3).
In the example that refers to the surface 51, after the
first checking performed at section plane 81, the
optoelectronic system 53 is displaced along the

longitudinal axis by means of the translation system 3 and
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mutual translations along the Y axis in a sense and in the other, enables
to amplify the dynamics of the signal provided by the receiver 55 without

WO 8¢ 2 ectric or electronic amplification means. 25 In tRfSTHAY 8055

the height zs and the roll angle rpR can be determined - the latter through

a very simple mathematical process - ygth great accuracy and

repeatability even in the case of pieces with very small transversal

extension. 30 The present invention makes it possible to check even other
§Gﬂ§€§f%aﬁﬁestéﬁthé%ﬁdé%dsos%??&Pékaﬁﬁtﬂé‘ﬁh@%ﬁtcﬁ%ca%gpltCh
oufliveo subseguennswingingdtydlds ay twbaisiin€t seetioreplanesh8ignd of
%és@?ﬂ'}gb@g%@ 3)rindhe e§§ﬁ@4§;th§b referedn the,swfacsml, @é&%tion
the 39 first checligy perfored gt saction plane 81 the. gptaelectionic, .., o,
system 55is ISp aceé\along the longitudinal axis by means of%he

frhAsRfioN Syt $%and WO 2006/097445 PCT/EP2006/060655 -19
stoppedlatrihe desired sectiongulanes?. Thiusahegitch lvaluelisobfaiged the

By dhddingthe differspce in height, of the-sudace 51of the sliderS0itaken vy
into consi ?[lrgtl%n l:_;Ltglned a Slr a §2nbc}/ethg dé%tarqce%q[etw §n %heCarries
8&¢tion’ 5 planes and 27 quwaleen? results €anbe obtdine %y

fgeRingithee opfodlsctfifi€ §§Stent 53Vt PrespetY to-fFRSdsECE amdhyrotate
madking thedockingsand retereace eystemt311 shat theries ¢heppieseba dethat

checked; {rgnsyersallydransiate and giate 10 ahout e axisafJofalion. 1ha vt
is likewise pogsmlelth t sqﬁrge dl%{)lac%ment .be gerformeg byghe ¢ g
E8mponBAt part ar%ﬁ%é the sfidér 50-aRd otherdisplatementd e torme
p#rfoie @R theesbtoelektrotVe §¢5teAP53. In substance the present
mvestion caviers maay emboshmentsvih acenrding éarwhithrthe embodiments

mechanicalpiese g berphesked and Jhe opfoglectani LMeasuiideked and

system 53 can gerforr_n in ang . i
the optoelectronic measuring system 53 can perform in any

event mutual swinging displacements about the longitudinal
axis and translation along the translation axis.

Relative swinging displacements between the mechanical
piece and the optoelectronic system 53 typically occur just
at the transversal end positions A and B in which the
position of the edges of the surface 51 of the slider 50 is
acquired, but they can also be implemented in a continuous
way in the course of the transversal displacement from one
position to the other.

As hereinbefore stated, in the present description of a
checking method according to the invention it has been
assumed, for the sake of providing simplicity and clarity
to the exposition, that when the slider 50 1lies in a
central position on the translation axis, the middle point
of the surface 51 in the considered section lies on the
longitudinal axis of rotation. Even where this basic
condition does not physically occur, it is in any case
always ©possible to refer to 1t for implementing the
checking method according to the invention and to take into
account and to compensate for the different arrangement by

means of simple known mathematical processes, typically



10

15

20

25

event mutual swinging displacements about the longitudinal axis and
translation along the translation axis. Relative swinging displacements

e mechanical 20 piece and the optoelectronic syBfeiEE806/060655
typically occur just at the transversal end positions A and B in which the
position of the edges of the surface 51 g the slider 50 is acquired, but
they can also be implemented in a continuous way in the course of the
transversal displacement from one 25 position to the other. As

HERR I8 Staltdd, 3R 1& PF&sent description of a checking method
dbcordirg t6 e invemtitemit has beerd sssumet efos thecdakekafrprovidiaghods
siaydistty g dalarity s inthenexpositions thatiwhen-the slidey SQliemin a38s of
Ggntral postion opythe I a@%'é‘“%}?’&%thﬁd“'%%'%é?'”é of the surface 51 ng
in the considered section lies on the ongltudlnaFaXB oFrotatlon "Even

RASIE 7S Badle FBAdiBontdées ndt Bhyiitallf GEedh } iSAE cist with
dieeysossilsle tolreferaerit-for Implerséntingithe 35 chetking methots, the

agaordingordbeinvenfionandste takeiingg acsountandsi® compensate for

iff t arrangement me of simple known mathematical .
?ﬁ%%%?é ! t%i%%f?f Wb 2%%%?@9%% ;C?%&Z%%/&O%%Et% amount in
inptemehted by s8ftiTare ThePregentinl/ediion alstiesvtrs éReckintpgative

setisads according to which the acquisitions relating to the ends of the

siyface, 8% of thecslides 50 gesunatittansygrsakeng bgsitions|d andiB o 4

that are npt equally.equidistant with_respect to the central position. In

8?2%? a\ﬁgolrg\s/ , t%%a glfit%qé?es c:’trc?n?crsyes%f(‘a—11 %F%farkf d th%egsll?o%#r qE;'(%gc an'fe fngfe °F
forenttiafpfansiate A6ngHnet e ity didemi &hoartinladosiive same
Sefisey @ndiby aldifferamt amaunt ima negativénQ sense. Moreover, it is

Rassihle 10 sinauitaneously chegka, plysality of pieces, for example by 1 oq

i h f
g%%ggggggeggg%%g present invention are particularly useful

for chgcking pieces with small dimensions, as sliders of
HSA, but can certainly be utilized for checking even other
parts of the HSA, as for example the wings 44 and the thin
plates 46 or any other mechanical piece with at least one
substantially plane surface.

An apparatus and a method according to the invention
provide great advantages even in the checking of mechanical
pieces with larger dimensions. In fact, the checking of
mechanical pieces of any dimension is improved by the
widening of the dynamics of the signals to be processed,
this widening being advantageously achieved without the

utilization of electric or electronic amplification means.



the surfaces 51 of different sliders 50 coupled to a same E-block in the
course of the swinging. . 15 As hereinbefore described, the apparatus and
the method according to the present invention are particularly useful for
checking pieces with small dimensions, as sliders of HSA, but can MCSLLP
. certainly be utilized for checking even cther parts of the HSA, as for
example the wings 44 and the thin 20 plates 46 or any other mechanical
plgg®vith at least one substantially plane surface. An apparatus and a
method according to the invention provide great advantages even in the
checking of mechanical pieces with larger dimensions In fact, the
checking of 25 mechanical $|ec s of an% dimension i rove
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Widenifl) SPRRCEANRARE BT LiGARTE S RS Hro LS rdS ThisWi éﬁf gnical piece
50 adihaattaert onsisuhsiadigbnieih sutizpe (YHIpeaivsisiod:electric or
electeericgmplification means. MCSLLP 21 CLAIMS 1. An

ogto% %ﬁ l@%d%@%%%g g ﬁh@?}(% ot Hqg' [gé%g R?{fa Bgsatlo of said at least

mechanical piece (40;50) with at Ieas one su ne sur ace
(51) eaﬁﬁ% ARflally BiRsE erYiace IBAkiRigheiRsréfimde %&?ﬁ%@iﬂj Htinprerpct to a

to ideatifgranhifixetly® position of said at least one substantially plane

swiags(md helithe m%%%&é@&%& Q@%?&Wﬁ&h PRRRET LyRals indicative of the

reference plane etectln C an o oeIe cs stem

For AT LR Ao PSS A Here QPR DAL T picce (0180 to be
subsehatikdl plane surface (51) of the piece (40;50) to be checked, a

roiagioB AT EIR) Qarryaagﬂgetn@t@@&@cdmamcsyﬁé@m (&3) and emanliggswinging

SW'n%lTﬁ dl%l%g SR E?Jt%f F& gs?e%r a%Y)ﬁ %q%éfﬁ)gﬁ\%?% of rotation, and

Iongltu Inal axis of rotation an rocessing Unlt or

retélﬁﬁ@eéé'@ s@'héﬂé eSﬁ%é?éEWﬁﬂlEaﬁ/ét@?ﬁ'i% heneP Hli’r‘i‘éC system (53)
inforratiprovielagingdontitepasition @nitfopdkiecshaptootisaichatdedstaghet least one

su bs%@%u}{dﬂm&é%ﬂﬁ%‘e (81) ATibSiLiEG80(46) ROV ERecked,

characterized in that it further com#)nses a transvirsa transl atlon system

@?ﬁéﬁ?ﬁﬁ?ﬁ 't gﬂslﬁt O 8L & RIS Ve P AP TES PROP 18 Khid RRGittrdinisl " @

trislefirotaxiontramryessribiity respect to said longitudinal axis of rotation, and enabling
translation displacements along said translation axis between the optoelectronic system (53)

and the piece (40;50) to be checked, between different mutual transversal positions (A,B) at a

same transversal section plane (81;82).

2. The apparatus according to claim 1, wherein the optoelectronic system (53) provides
signals relating to said at least one substantially plane surface (51), the transversal translation
system (9) being adapted to enable translation displacements along said translation axis

between the optoelectronic system (53) and said at least one substantially plane surface (51).

3. The apparatus according to claim 1 or claim 2, wherein said locking and reference

system (31) is fixed to the base (1).

4, The apparatus according to any one of the preceding claims, wherein the optoelectronic

system (63) is coupled to the transversal translation system (9).

5. The apparatus according to any one of the preceding claims, wherein the rotation
system (26) includes a rotary table (13}, the optoelectronic system (83) being fixed to the rotary
table (13).



translation displacements along said translation axis between the

optoelectronic system (53) and the piece (40;50) to be checked, between
different mutual transversal positions (A,B) at a same transversal section

plane (S1 ;S2). 2. The apparatus according to claim 1, wherein the MCSLLP
optoelectronic system (53) provides signals relating to said at least one
substantially plane surface (51), the transversal translation system (9)

geing %@@9&@@4@9&&&@@%&% displacements RIangsald i3nslatiafed to the

axis between the optoelecfronic system (53) and said at least one
LERVRIRARHRAIRR ¥R EL51). 3. The apparatus according to claim 1 or

claim 2, wherein said locking and reference system (31) is fixed to the
base (Jr}aéla@aea@@%@m@@amg 0 @ik BN&GEdNG BragRding §)aitlpid to the
I%lgh épggelectr Ste@er@?& n'? %J edaﬁwoé[gﬁtér?g %Fﬁaé receiver (55)

fransiation's étem b;)aratus accor g toany o
B‘Pé@é@'jfﬁér%‘feﬁﬁ% Cif\/?%?eﬁh‘ioﬂ‘?étf ation system (26) includes a rotary table
(13), the optoelectronic system (53) being fixed to the rotary table (13).

MC SR, 22 firdihe 2RPRIAIUS aerrraingdRflaim Jbtyét&f@mcsaigtm@m is of the

table (13) is cou%Ied to the "transversal translation system (9). 7. The
SMARMLE3E88 A¥Rting to claim 5 or claim 6, including a support (15)
coupled to the rotary table (13), the optoelectronic system (53) including

an emiﬁtﬁé tefaand adereieio(ad) seupled ndeegimnslsné saidspRMtiransiation

gms IS r%e %%‘} dacouparatus. cCco génrgltgxgla rr(x) L wherein the optoelectronic

I$01 the Shadow ¢ castlng 2 5’“]‘he apparatus according to
any one of the precedlng claims, Whereln said translation axis is
perpenﬂi@uwbkﬁaﬂﬁ%mﬂ@mh%m&efmt%im«e&@inﬁhﬁmaamm&n the rotation

?gsé 10, A0 99608 e RIRERAING Slaims, RIS dhe-katatinm g%’é)i@é@ (24,27)

and the transversal translation system \%lnclude associated driving
a@%&%&%%&%%"%ﬂ&ﬂ&%ﬁ&%ﬁﬁ%% 8%?8%? fRY '8 &0Id L85 MEoIN R to said

processing unit (25). 11. The apparatus according to any one of the

@ﬁefcedml @@m&umﬁwmg@t@a@taml tﬂ&?]a%m@ SN i3IS a longitudinal
efines a lor n er ar to the translation

RO A SoLEh 5] R AL QPR eton s, e

tpaa@ramhteﬁ@iwé@érﬁm Qbﬁg‘%ﬁﬂﬂ?ﬁﬁﬁt@dﬁﬁ@&xiﬁ%&w{?@ﬁ‘?ﬁ@p?é@@cemems

85 0ianm dhe pplagleritanin sysiate (@8)s0 2nd e apparatusacseteings).
to claim 11, wherein the longitudinal translation system (3) includes
associated drivm%; and detection devices connected to said processing

(Rt (252 8PAHR S BAAUAIY 4B ting' 10" AR BB Pﬂ%&%i@%é&ﬁﬁﬂa&%ﬂrﬁ%ﬁem

incluings soreteredrigng and detection devices connected to said processing unit (25).

13. The apparatus according to any one of the preceding claims, including a reference
block (59) rigidly coupled to the locking and reference system (31) for the piece (40,50) to be
checked, the reference block (59) including a surface (58) that defines said reference plane (r)

for the optoelectronic system (53).

14, A method for the checking of the position and/or shape errors of a mechanical piece
(40;50) with at least one substantially plane surface (§1), by means of an apparatus including a
locking and reference system (31) for the piece (40;50) to be checked, detecting devices (53)
for providing signals indicative of the position of said at least one substantially plane surface
(51), and driving devices between said locking and reference system (31) and said detecting

devices (53), the method including the steps of



block (59) rigidly coupled to the locking and reference system (31) for the

piece (40;50) to be checked, the reference block (59) including a surface

(58) that defines said reference plane (r) for the optoelectronic system

(53). 14. A method for the checking of the position and/or shape errors of MCSLLP
a mechanical piece (40;50) with at leastsone substantially plane surface

(51), by means of an apparatus including a locking and reference system

Ggl)z%?& H&e Q '(? gté (%é(&ls\;%ge Eﬂe‘tg'ﬁgmg@tmﬂ% ?SXHQS%&%%&L% and reference

provi cative oft e position of said at least one substantially

na s in

plaﬁésgiﬁ?féﬁé ahoyl a8 FYP \ffﬁ@“ﬂ%wces between said locking and
refarenessipgstionalf3ddadel daishdiatetetitiny dmidee 5@ 3 iheamatieing devices (53)
inclyding teSteRsoEMES lsysﬁe%?’ ﬁ@%ﬂ&:@aﬁgﬁé@cwg@&wse&b{aﬁ@)ﬂ ﬁfbrm ation

OSCIH ttlenoc\ivIt ree%ggt%r;[%ﬁgclaq t?ecs sge é}d (rffg{?eas? &sg/st% %%lagly eane surface (51)
aXISO alion, " processing S|gna proviae by sal de ec evices

(SBPWﬁIé'%%ﬁd“&é@dﬂr‘PQ efesAEs §38) and locking and reference system
@B 1rssiphunsciilatedncnsdestieabtaindriernaatson tetaticigdkethand the detecting

posa%%e%'}géczf %h%ﬂslﬁfomsa&mé@gﬁvﬁwbééeéye@almm SHISRSGN,

(51) of the piece (40:50) to be checked, and causing mutual translations’
5@{}9@@%&%%@6@*@@0)‘50) to be checked and the detecting devices (53)
alomgaidiransiatiognalkisy trermsvestal vatitee g otitite Seldctirgsdel inetatddhand locking
ghaéﬁ@t?éi%r%qc?é)’lst}%gefttq%?fmdﬂf@ﬂwm&ﬁ@a‘-éj%ﬂ@@sb)ﬁﬁ@%ﬁ*@i@qtiﬂmum transversal
evice while, detecting device and locki nd,.reference
sysf’em§é ual?y osc:}%nsv %%15 {0 lan zérgngtz u?ua??ra?r}%\%?ggl(m S0 to
poshﬁﬁ’i@‘(‘ﬁ?@?&taes%ﬁétmﬁg‘(lé‘?é@@ectlon plane (S1:S2), between the
piRCHEAss0) tetcbarcheniedranddhe detentingudenices (5@jasaid by combining the

R g%%%sr%ﬂg %t%osgﬂ& lé'{qéggt BRRCGEHR Qrg( Qﬂs\/ Ha@ §M¥£@89§ﬁ]p OQQ@ %‘?ga%yat least two

Ining the signals relatlng to said at east one substantially plane
?dﬁé’ééfw&f’é\‘?ﬁfét?% @4 at least two mutual transversal positions

(A,B). 15. The method according to claim 14, wherein said at least two
r’fﬁv'tusl ﬂ%n%ﬁ@@dl a@@c?rmﬁ)@sto(%la)nbﬁwﬂﬁ@rw PiRCe(4Aa0MWO RRtual transversal
c ecke etectin opposite WI'[ res

54183 t(rg%ciraenvé’%?stg ggenkle egg) pos |8nec%8d d th ﬁqe(ﬁ% qdcordm ngi&t are at
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between the piece (40;50) to be checked and the detecting devices (53)
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method according to any one of the claims 14 to 16, for the checking

FRSARESOPh ) AEIBEFATE AIRGS O 80 o RAERFF 30T € FRIGGHRS Bfves (53) are
eptatdetiraricfioysteertréhs)easkiptenttoed position.

17. The method according to any one of the claims 14 to 16, for the checking by means of
an apparatus wherein said detecting devices include an optoelectronic system (53) adapted to
provide said signals indicative of the position of said at least one substantially plane surface (51)
of the piece (40;50) to be checked.

18. The method according to any one of the claims 14 to 17, including the additional step of
causing mutual translation displacements between said locking and reference system (31) and
said detecting devices (53) along a longitudinal axis parallel to the axis of rotation and stopping
said displacements at at least one transversal section plane (81), said signals being provided

by the detecting devices (53) at said at least one transversal section plane (81).



provide said signals indicative of the position of said at least one

substantially plane surface (51) of the piece (40;50) to be checked. 18. MCSLLP
The method according to any one of the claims 14 to 17, including the

additional step of causing mutual translation displacements between said

locking and reference system (31) and =aid detecting devices (53) along

a longitudinal axis parallel to the axis of rotation and stopping said
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being provi e detecting devices (53) at said at least one
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para FOTRE axis of 1o a ioh and stopping Said displacements at

transversal section planes (S1;S2), said signals being provided by the
detectingglevices &3t gachnglosaidf thwodransversal $éstioa glaciesy (@ 1he spatial
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checking of the spatial arrangement of at least one slider (50) for hard
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byrtiee deidlahigashdneesiten®@)system (31) has complex shape and carries
said at least one slider (50).



