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DI MENSI ON ANDY OR “ G OF Pl ECES W TH COVPLEX TRI DI MENSI ONAL
SHAPE" 5 Techni cal resent invention relates to an optoel ectronic
apparatus for the nsign and/or shape checking of pieces 10 including a

plurality of substantlﬁ?Fy pl anar and nutually parallel surfages, 2002
conprising a base, a locking and referriing systemfor a piece to be

checked, detecting neans with an optoel ectronic systemfor el
signals indicative of the dinensions of the piece to be cheﬁmﬁ mﬁmmﬁmmmu

rotary st r BESGREPTIRY of said | ocking and referring system

opt oel ectronic system being -coupled to the rotary structure,
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and recgprocal rotational displacements about the |ongitudinal

axi s between

said piece and said optoelectronlc system the optoel ectronic system
providing said signals in the coldiesdndcadaifdeds reci procal rotationa
di spl acenents. The invention also relates to an optoel ectronic apparatus
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controlllng said rotational displacenents, a first transducer

signal s depdridi ng®®dn PRECShEGFAPRIC, System \mloBooproviding

ffor pr.ovidi ng

signals

indicative of the dimensions of the piece to be checked, a

15 rotary structure, one” of said locking and referring system

and optoelectronic system being -coupled to the

rotary

structure, and a system for the longitudinal displacement

that 1s coupled to the base and defines a longitudinal

axls, the rotary structure being fixed to the base or to

20 the longitudinal displacement system for

allowing

longitudinal translation and reciprocal rotational

displacements about the longitudinal axis between said

piece and said optoelectronic system, the optoelectronic

system providing said signals in the course

25 reciprocal rotational displacements.

of said

The invention also relates to an optoelectronic apparatus

for the dimension and/or shape checking of pieces with

abutment surfaces and a plurality of substantially plane

and reciprocally parallel elements, comprising a base, a

30 displacement system ~coupled to base that defines a

longitudinal axis and comprises a slide for performing

translation displacements 1in a direction parallel to said

longitudinal axis, a rotary structure for performing

rotational displacements about said longitudinal axis, a

35 first driving system, coupled to the rotary structure for

controlling said rotational displacements,

first

transducer for providing signals depending on the angular



position of the rotary structure, a second driving system coupled to the
di spl acenent systemfor controlling said translation displacenents, a
second transducer for providing signals depending on the position of slide
with 5 respect to base, an optoel ectronic detecting systemconprising a
support with a substantially C shape, with two free ends and magenboal
portion, and at |east an emtter devicezand at |east a receiver device
coupled to the free ends of said support for emtting and receiving, 10
respectively, .a beamof light arranged in a plane substanti al

per pendi cuP&F 14 o8aicd I%uJ%QRﬂWaIS%Sﬁ%tu%ﬁvd 2 FBRERFAgIAAYLPES élylsltﬁ@'system
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spi ndl e infsueh chaiyase as ddhth@12psrbsd@nt babl wiparaddel aandngeneral |y
equal |y spaced out th rf%gect to each other. Aread/wjte unh% for "hard
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arranged aPPrefiXed didCa®dESS rom each other, and conply with very tight
5 tolerance limts. Cptoelectronlc apparatuses are utilized for the

di mrensi on and/ or shape checki ngs Qgcgﬁggggacgétpleces These appar at uses

conprise, for exanple, an optoel th alight emtter and
an associ ated receiver for 10 generating and receiving a beam of I|ight-

that rests R PIsEHPM Wbkl dhesigagd seree Eésén%upﬁekte&@h tBe piege to
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di nam cal Iy checki ng di anetral _dinmensions, and a second optical nesuring
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A read/write unit for “hard disk” includes a support for
magnetic read/write heads that comprises a certain number
of thin plates or wings substantially arranged on parallel
30 planes, each carrying at least a magnetic head, for example
a Hall effect probe head, for reading/writing on one of the
disks.
In order to enable the magnetic heads to read/write on all
the sectors of the disk, the device for supporting the
35 magnetic read/write heads is coupled with a motor -by means
of a bearing- that provides its rotation about an axis

perpendicular to the planes defined by the wings.



25 European Patent Application n. EP-A-0686829 di scl oses an apparatus for
checki ng crankshafts. The apparatus conprises a base, a headstock and a
tail stock, coupled to the base, for referring and rotating the workpiece,
and two groups of neasuring heads with feelers for entering into contact
with 30 cylindrical surfaces of the workpiece and di nam cal by Mekegkionrg

di anetral dinensions while the crankshafst -rotates about its | ongitudinal
axis. Even though these apparatuses are generally reliable, they do not
guarantee the accuracy required for the checking of 3% Ei eces wth a

conpl ex shdpe,Ci9%e theRapPper L8 HEPRE MRFIATOhedtls “PPeveGe< I 1&f er r ed
to, that i sindtGhatld ngings/ MaytR2O02uppdrt beéconthg evenetire readd/mirical in
consi deratign of the.increasing requir t to mniaturi,ze sinlar pieces.
B sl osur e EPEVBREF oS EBPRE Fothe Tt et PRUBREFEN 18 £6 v an
appar at us fddstieleedi mEmsinoneanil/ gyt strape acldeckpmplyf wietesvesiyt h td abdnpl ex
tridi megsi qngle Share 1tihat-4 s reliable, precise and particularly accurate,

t hat does not cause piece 10 deformations, in_the course of the checking,
and is fledrdioelisstyseicTmrPamt biter 268j adtid iged athi et ByimgRsion

opt oel ect r gRidY APpaskaps | rnakikghgsaccor di gdhantikel nvenétes, t hadsecki ng
and referring s sttemis adarpted for defining the 13ﬁarrar%\%errent of .the
pi ece, the IRFEIER KPR ICFTpI 60T FRETRERi GRalCPHPERE “SHAH Catt M54t t wo

W ngs defi riwigh he pllagat samfaces, andsuah aaswycisacddatrddesl ydwr dlarty of

ol anary gur aces. sulief antd Lo |42, 0naPLanes draraldsl tadhe, Loogi pydinal

axi s, roni ¢ syStem apt rovide, Tn the course
of the reciggrsscain rotaeh ohhbrdi spbacawsittss,a siuprdst | hdf caheveiefet He

posi tion of,d Re MRS a A ddYdd18m RIECTa Nayt R it@l\é%ntt:ih%? Hedud QAPNAYHde an

optoel ectronic apparatus that is particularly suitable for 25 di nension
and/ or shap@'RIFEES MPSTOfEH5 &4&S8ni t h abut nent surfaces and a plurality of

subst ant i alintqyrane canrd rephpeneal lapgaradd ©dn el gupntishas, fefdexanple, the
supporis | oo mAnCL ey sadhusiie feads far b dodisk plonage uip anc
features. Tu sthnd mtdrenbloby eofs atzirechilevandbyl 5an dptoelediaadnicssly
copay L DULAP, BREAEHRGYL S Losckareriion, R folar St ey
portion to sHEasary 5eF uctxe®erBs i Arspkphatiay PRat Grshpdds -enddi®an
perform | i id@d-Jaiatd i SHSR aceiRt wabadi e digiddidingl @xithd n a
plane gybstantially perpgadiquiar,te LheLong tadi nal @l See, a first
optical measuring device, for dinamically checking
diametral dimensions, and a second optical mesuring device
for checking shoulders of the workpiece, i.e. surfaces that
lie perpendicular to the axis of the workpiece.
25 European Patent Application n. EP-A-0686829 discloses an
apparatus for checkiné crankshafts. The apparatus comprises
a base, a headstock and a tailstock, coupled to the base,
for referring and rotating the workpiece, and two groups of
measuring heads with feelers for entering into contact with
30 cylindrical surfaces of the workpiece and dinamically
checking diametral dimensions while the crankshaft rotates
about its longitudinal axis.
Even though these apparatuses are generally reliable, they
do not guarantee the accuracy required for the checking of
35 pieces with a complex shape, like the supports for the

magnetic heads previously referred to, that is a checking



7 May 2002 - 5 and the locking and referring systemincludes at |east an
element with a surface that defines a reference plane for the

optoel ectronic detecting system and a rapid | ocking device for cooperating
with surfaces of the piece to be 5 checked for defining and | ocking a
position of the piece in such a way so that .the substantiabl yagl ane:2

el ements be substantially parallel to-thhe-reference plane, the apparatus
futher including a processing and control unit coupled to the

optoel ectronic system to the first, and 10 second driving systens and to
the first %ﬁ&ogg Ind FeEhs diR%S s ?%ﬁtkﬁ%kes%?ngc?ﬂélg?ﬁﬂganseﬁﬁ by h€he

opt oel ect r dnicr egypdhgmrant ikgrche tramsdieens.zangdiaantrobliergst.he drivi ng
systens. One of the main results achieved by the present invention 15 is
the possibility of utilizing the same basic apparatus and sonme el enents

t hat can be replaced by perf ®@isicdgssireplod dmdendpiodt operati ons for checking
pieces yith different shape and nom nal dinensions. This result is
particularly inportant in consideration of 20 the broad variety of shapes
and noni nal® %dleﬁ?éné:iforﬁlet HafeSRjidpot et biombhet PcPTRBAES BAvEPRAdadfst he
rapidity wiftdr WH&hdt ienseeholanel/ ccorpanant snekih§e ondiisddeis ofiiehegt ronic
processors evolves 25 Brief, De crug%lon of the EX?WAQES The invention is
now descr i FEFPLE *mdre HESh 9t R eTert t 55t Bl ARF BseBTERdEEs 2o

dr awi ngs, g:a\rezridmy_a\maw of apenrkits, t i nghexanpiess whateti n: c3hdd gudeke S an
axonongh i Gl ew0f an apRar atiis acgrding fo the inyentian: figwes 24 28
and 2C ar e ‘axononetric’ own i n an enlarged scale t'h resp ect” to

t hat of flédﬁ@lPieoﬂIthK%E different pieces that can be checked by t he

appar atus 3% ishoywy i Brhiegurddbctfd ONre %ch%e%@daﬁgpoggtHﬁ%d@ﬂ@@ﬂ?bnﬁ@
system for | ocking and referring the piece of the "apparatus , May

2002 i || ustPPREEREUS fifg e cp §ﬁﬁﬂ¥qlﬁgaﬁ°eﬁm§rd@ﬁ%ﬂ%ﬁqgnmqpﬁ ﬂé§&é@9 to
that of figuwde lrafdriringhi Gyddeen pi e iSdLHFOSE- SEeli ON@Efining the

15 arrangement of the piece, the latter having a complex

tridimensional shape with at least two wings defining the
planar surfaces, in such a way so that the plurality of
planar surfaces substantially lie on planes parallel to the
longitudinal axis, the optoelectronic system being adapted
20 to provide, in the course of the reciprocal rotational
displacements, signals indicative of the position of the
wings.
A further object of the invention 1is to provide an
optoelectronic apparatus that is particularly suitable for
25 dimension and/or shape checkings of pieces with abutment
surfaces and a plurality of substantially plane and
reciprocally parallel elements as, for example, the
supports for the magnetic read/write heads for hard disk
storage units, and ensures specific reliability, precision,
30 flexibility and accuracy features.
This and other objects are achieved by an optoelectronic
apparatus in which, according to the invention, the rotary
structure 1is coupled to the slide, the C-shaped support
being fixed at its central portion to the rotary structure
35 1in such a way that its free ends can perform limited
rotational displacements about the longitudinal axis in a

plane substantially perpendicular to the longitudinal axis,



figure 4 is an axononetric view of a second systemfor 5 | ocking and
referring the piece; figure 5 is an enlarged scale view of a detail of the
second system for | ocking and referring the piece shown in figure 4, in
which the piece is partially showm crosssectioned; 10 figure 6 is an
axononetric view of a third systemfor |ocking and referring mag pioece;
figure 7 is an enl arged scal e axononetrisc-vi ew of a detail of the system
for locking and referring the piece shown in figure 6; 15 figure 8
schematically shows a pjece that can be checked by the apparatus shown in
figure 1 aRd% s kW ?ﬂ‘%néef%SFrf'ﬁ@ CHEGRMgNC AL T | Yur £2955n8hs, in
graphi c f oemersane wdecki ngsrpecé orhed by faneappared fisr@ccor giaget doirhe
'nvention. .29 Besto Mpde for, CanLyLag @t dhe dpvention The, apparalis cshown
in figure t conﬁ?lses a base” 1°t6 iCH ther€l's c%upledrap+ ngit'u i"Hal

di spl aceneneviyst ene3 26opempiisgngridtlsuppofacss fdafketheo tiase 1tof de
exanpl§5byc%%%Q§dQEo§C@%W§ ihlatHla oEW?n%ubdﬁo%H%E%ﬂt%f7t%%d 9@ whi ch
there is coupled a Iongltugln | slide 11 that supports a structure, nore
speci fi cal ISECR rdt aidy t 88l £hEd - AhSuppBittas ixlibst RALPEl | Sl enehapeds
carrying det@stiang 30 1REaNsa £9NPEL Si kY anc1oPt Oelegelrc@RicC NEBSHE | NG ISt em
is fixed, for exanple.by neans of screws, at its,centr ortion 17, to the
fotary tabPEPPESIHE CHITITE APCLHEI/Ped cRUSCIBSARA 200 HEORFERBNESS ¢ he
opt oel ect r aniup lreiastioi Nthsyspbepvehereirnafitersgesenj bed B8heA first dmidvi ng
syste conprising a..fj.r 7, bl t ro ta 13 to rotate
about ncli(r)] a%}%séo?)léir aﬂa%djtn? ar%!%ec I onaerpdrgf i ?\%d Eget h%%ﬁf:degéﬁen%ﬁtcgm‘?oand
7 May 2002 tgangg@idersot aidnapradfeps aeeneiihs ofsitdne isot ag§nt abbg 13hien a
clockwi se apd cQWRielGlieCkWs S8 ginr eclipn erabl enthe endssdi-and 21 0fy
support 15 carrying the optoel ectronic neasuring systemto oscillate in a
pl ane substCARGERAYW Y FdSEFdivdmIars Y55eMfe axis of rotation of rotary table
13d Alim toémf ek 28 h]fniamd rb@u&kisd%clﬂi,ev:m Byt iad] pséaahﬁ SerRNE 125 W th
ends adapte r _touchi support 15.for.limting its gscillations.in a

ol ocknb o, armd ChtnbaeerBakar e dh rabH BhLraEhpo 4T B5 8L Pariicer or 10
encoder, 2@ndhatonpr @ledesitsi ghalts cadep drdiney Lo etthd yapgulfarmposi tsioplef t he
rotary tabl 3 t it o] el ] i ng: Sys i upl ed
o motor 27 T g L 0] | B8 L1 e Be dF s Sted 5l oo TS foeide

el enments 7 shyidPe g R oFdEEHd ddMensi®n$yst em conprising a 15 second not or
23. A seconthilOtpdyult ansdpeehi con a@NgOd@portant in consideration of

20 the broad variety of shapes and nominal dimensions that
supports for magnetic heads have and of the rapidity with
which the sector of components for the industry of

electronic processors evolves.

25 Brief Description of the Drawings

The invention is now described 1in more detail with
reference to the enclosed sheets of drawings, given by way
of non limiting example, wherein:
30 figure 1 1is an axonometric view of an apparatus
according to the invention;
figures 2A, 2B and 2C are axonometric views -shown in
an enlarged scale with respect to that of figure 1- of
three different pieces that can be checked by the apparatus
35 shown in figure 1;
figure 3 is an -axonometric view of the system for

locking and referring the ©piece of the apparatus



provi des a signal depending on the position of the |ongitudinal slide
Il.with respect to base 1. The notors 23 and 27, the transducers 25 and 29
and the conponent parts of the optoelectronic systemare coupled 20 in a
known way that has not been shown in the drawi ngs- to a power supply,
control, processing and display unit 30. A system 31 for |ogkMag andz
referring a piece 47 to be checked is-fexed to base 1, for exanple by neans
of screws. The locking and referring systemcan have di fferent shape 25 and
structure, , endin f.or gxanpl e, on.the dinensiaons and {he nunber  of

i ngs. & nat LERGSEFREEt, (e FATRR et natio ALear Bt At S EEy vy ey of
exanpl e, firgapest2A,02Bhand @ dhowrthr te guideces twhieh chbekauiels 33 and
63 that haye g%tggggggnggapes and 30 di mensions. The pieces are conponent
parts of har d i Sk storagé units, and nore specifically, they are supports
for magnetic refdBWreté heads pEPNOReBLAEKELPW PAcR SGPPBEt S33taRdLRY has
two substanbic@ling Bhaneeczedrpagakhel pekeapnts, or wings 36, while support
63 has seven mng&s. Al'lL the 35 supports have through h0|§$ 52l tEat form
seats for suitabF8968ari dgs.ans 9e53 SQRLS eF et 19T 17 ofif EALL 0Pher Mo,
under goes ehkeokidngs swietth fabrhaard ighBdandisesfedrimg i tise piege ghbhy 2002
associ ated 5eat (52, Myre spech figall ¥, pearing ad. ;Lor examle ahall
bearing of "a“known type, conprisés an external “and™ an Ynternal ring that
can rot at e s@ictthonesipect to each ot her about a common axis, the external
ring beyng 5 rigidl¥.CQURILA f O 8fifImarL 1 TN £, dbf T T ent rhoskkRgnand -
referring systens utilized for the three pieces illustrated in figures 2A,
2B and 2C aP&€kAdd descriehedriionh thef 8ieReé to figures 3-8. The system 31
fﬁr | ocki P_g and fri_)gh@@rimg_i@i aee éhﬂakr]ébbc}|§g§léah&6lnbﬂleﬂ:irggr evi?elv( a?ﬁl al so
shown in figure conpri ses a workt .49, caoupled to base 1, for

exannl o by SeaId S EP BT ST A R TRBESIT s SHou P S HEL PP Ee 2 8F% th a
cyl i ndri calshoemt émni fg gsuref &ce 81 for being inserted in hole 52 of the
suppor {5 or thef@%@%“% rE@&’éA(‘%H@affgd%g@s‘”a AtapLd {oeKing fdeyice, in
particular a |leveéer type veriical presser , applies pressure to an upper
surface of cpieskeds7 byt h&he s apPeIAgad upsioda- déwn Wiluhreesgectendo ftihgur e

2A) so as t,Q feeR RN AR &b eher encexInyisacenad defined by a recess in
hol e 52, as shown in fi%ure 2A- in 20 contact with three surface portions

55 of nosepi ece FB3E w0 ZonSPO¥Kown iPn BEGENE C3. TRYMant SP8Eat iS5 PSS 57,
coupl ed t o praSFepireee byl anpadyenia: upl ece A dihgomeactiedentvainity ohat ati ng i n
the couyrse of the checking. A reference block 59, coupled to the worktable
49, co%prises a surface 58 25 that defines a reference plane r for the

opt oel ectroni ¢ nmeasubény Mede efior t Garfyhey i ont ofhehlizhemiidnbe expl ai ned
herei nafter when the operation of the apparatus is described. A protection
el enent 61 protects reference bl ock 59 from dust or other foreign matter
possi bly dé[p@(?siatﬂpﬁ’gfa&hl%@htor‘r’él diir @ 158 la f@TREREE Spre et g tchehich

opt oel ect r dHeGesYStsencbupmenr oper i yngeteginay tdesgeiesmnce e . 3

Therefgre, the l.ocking and referrding_system 31 identifiges and fixes the
positig% ofx?ﬁﬁﬁﬁ?f“h7at8u88°5%ec ed?l¥ﬁdpg%iﬁ%ﬁ?%rthégﬁﬁgﬁﬁawaSSﬁpfon of

the surfacesafs whHgsc36w35 WHAT riespectot aytinie relemente [Jl avedr 9 by the
cooper ati onaetwegn e annulan, S ace 34,304 Aiheher 16! a8 that

supports a structure, more specifically a rotary table 13.

A support 15, substantially C-shaped, carrying detecting

30 means comprising an optoelectronic measuring system is
fixed, for example by means of screws, at its central
portion 17, to the rotary table 13 and carries at the free
ends 19 and 21 the elements of the optoelectronic measuring
system hereinafter described.

35 A first driving system, comprising a first motor 27,
enables the rotary table 13 to rotate about an axis

parallel to a direction defined by the guide elements 7 and



"7 May 2002 g defined by the surface portions 55 and parallel to the
surface 58 of block 59. The system 31" for locking and referring piece 33,
shown in figures 4 and 5, conprises a worktable 35, coupled to base 5 1,
for exanple by neans of screws, on which there is nounted a centering
nosepi ece 37 in which there is positioned piece 33, overturnesay bbopespect
to figure 2B. More specifically, nosepigce 37 conprises, apart froma
cylindrical element 82 that is housed in the central hole 10 of bearing 34
for defining thg#hransversal posi tion of the %lece t hree vertlcal plns 38

-only one dhottht FPQGFéOBQIIr Qhﬁééaf%eaﬁérP wFiR BREAEYr Fakés 1
subst anti akl y1cepwdrar anar ddieh tesdlidigkwiifs aand st Bdn abndiveat trer tage 41 of

beari ng 34,(fiqure ra id | ockipg device re 15 specifically a
Cover orosd@r %50 i o8 L20ePerfal tBh, H8F TS gl echos3o8b o5 F S trads
surface 41measummngctsmﬁthmths>tbﬁ@elpﬁms 38n amd Hasiea sebseérnd2aldyi ven
by a knob gQrP%%E %Brr %att%eag% %fv%ftb‘e%naé!fsro@ \Myc%%% 33 .cqntacts

the intern bearing 3 makes respect to the

external rildgitt h%%%% A8yt | 6%%1991 |*1'=10h(ﬂ1e1®2 1F-®r Ip)@aifd?rwﬁ ngIgHEERPAGs in a

nunber  of @étr'éaels agulaenhpasidd oaaaﬁaéaemndt@@cﬁpn@ R tof 1®pebat i ve
posi tions ort 33. Two fi xed to nosepiece 37, Iaterally | ock

R
the w ngs 6mlﬁéﬁge pr%@%ntlﬁﬁciilBFéBESSS m r 8t at | LA HY t hend
checki ng. Ewmnte&eﬂen&albhoah&eﬁkEumi45 fiirxed tardhe wwaksdabter 350r

| ncl udg, suLlaces 46 And 18 Sk{kaa% ”% %éérfé S4EP %ﬁdPﬁ@”Sm k0% :qh]ﬁar

optoelectronlc neésurlng sy or N me'f Unct i on as 't hat
of referenpespltama r Cdﬁeflhbﬁ by0§@macet5€£81€30 tPowanidn ftilpre @f the

herelnafteg Q%%Q%bQ%@nlEMQQB%%E%ﬁb'%9s%%%ﬁ%@t%oﬂ%l@@dt64mBE%Ee§b bl ocks 43
and 45. P he sane manner. as for "thé | ockin referring ;ﬁsten131

herelnbefor@edé§@ﬁq&&? Q%kn%%ﬁ@%.1%(ﬁ??d%%t8%?%%a§ﬁﬂ piRBE the gNddear
posi tion Ofelfelﬁ\%nitu;r facesdob Wynos 86cehd32rtiRa npy eecysﬁétm beombegk@dg( ian this

case sSyppo ort 33), w E pe%t to reference Ianedr' Qaper a

ot veohs b i, Mot 0r 8" s 58325, B EREchesss s cntSE 1R D002
- 10 refemewwedﬁban@ defigred bydeparddicey poent i obke (t hestihier pris 3B of
nosepi ece 36 gqqu@g %hlghl%% iﬂruﬁ%%s %@?F%th%8%agf &eference bl ocks (43

and 45). The aspect that in this case ers is that the surface
st at i onary TWiet Meeahecl3t @8l pRecetBs dnansres sy 42f BRAng?d t andnddiear

posi tion i $rpIHdACHAAL Hf bearipdosfebersedci By80tR 82e coupled -
20 in a known way that has not been shown in the drawings- to
a power supply, control, processing and display unit 30.
A system 31 for locking and referring a piece 47 to be
checked is fixed to base 1, for example by means of screws.
The locking and referring system can have different shape
25 and structure, depending, for example, on the dimensions
and the number of wings that the piece to be checked has,
as described hereinafter.
By way of example, figures 2A, 2B and 2C show three pieces
to be checked 47, 33 and 63 that have different shapes and
30 dimensions. The pieces are component parts of hard disk
storage units, and more specifically, they are supports for
magnetic read/write heads (or “E-blocks”). Each support 33
and 47 has two substantially plane and parallel elements,
or wings 36, while support 63 has seven wings. All the
35 supports have through holes 52, that form seats for
suitable bearings. Support 33, differently from the other

two, undergoes checkings with a bearing 34 inserted in its



The system 31 " for locking and referring piece 63, illustrated in figures
6 and'7, conprises a reference block 64 on which there is nounted -by neans
of two leaf springs 10 66- a floating plate 65. The surfaces 60 and 62 of

bl ock 64 and pl ate 65, define, respectively, in the sane way as surfaces
46, 48 and 58 defined with reference to the |ocking and refermbggzgmstens
31' and 31, reference planes r " and  § - for the optoel ectronic neasuring
system A 15 nosepiece 67, fixed with respect to block 64, defines an

annul ar, substantially plane urface 68 tha a rest, for pjece 63, and
a cyl i ndri G&FOSHPFECe 38 ? deMoﬁ«?s gRe&xXi %Cﬁtiﬁrgeno*?"c%ﬁja‘?gt 4ur £8&e 60
and that | exhopided an bhole SZafimy ecE 63, khewhatttme,beldmmgnies"etmrla&d W th
respect to r T ole 5 n n bst tla
cyI|ndrlcal%Qgﬁbggcgdﬁii$lg${g%5% E?c o???%négé ?Ra?§§erlnes 06 “Shut ment
edges 76 showeadah fdtdiare dQutA g apdmindmwcki by, debecexterhalwippgedbséng, a
verticag oqnggl@n@o%phgge%glsgge §§ si mul taneously actuated by a |ever

73, 25 urges pi eCe 63 both downwar agai nst annul ar surface 68, and in a
t ransver sal hd"eueeé%lifdﬁerew BraGlging il KeEPFRENY heyshemedyss ligedr jod

agai nst t heneyltdned c;aie@wfepeugereie@oeeplfe@er% 2He 1t gral 2presser 71
may be replaced by a,l ever,, .connected Qe noseplege 67 and nostly

i ncl uded |ﬁo¥04%ﬁ§r @Faﬂlgm ﬁ§%§F8H§e g8r &R fPngd & -t hrust on the

i nternal stihfeacesydftgm ec®l 63fbn ondekinhg keepl t hee Pagesng6 plged addi,nst
nosepi £ge ns._ 70, ( o S fjgu ed.,to the
floatlﬁg pqgfé£%§%ﬂ€§$t§8t %h aﬁ%uﬁar g%ﬁtﬁgﬁ%psggfan ég % f%%eqéS and
enabl e theC95@ﬁGﬁﬁ§rBywmeﬁﬁﬁ@d@d4§haﬁ@u@59@otﬁoéﬁﬁﬁoﬂrlﬁ§e1ﬁxﬁamdﬁléb’to

this surfagr83 ot ecmém ghstanes @l ﬂé‘%&hrﬁ’@é@'é’”ﬁo@%p@b@% 8. -
11 7 May 2002 A pin 74 fixed to fl oating Plate 65, %ﬁges I.n an

associ at ed "Hdte 378: YHE Rt COMERRIBB FOFIpFRyBht Fﬁ@ NP0 mnFELSiSs v
rotating inn hﬁl@OIHZS@fOfthteh&ufplﬁmlﬂ for the ﬁr@@k}lertgoa&@awfvﬂfﬂ’dengle%)t&t em

31" ideptifies and f| posi tion of supporit t o _be, check

parti cg 4[7ee gngu e pogl %lgﬁ Cf ce’su!‘lflacxp‘g tojfcﬁ%ﬁs 336-W Th eﬁé’? ect to
reference pleartesal "pramser "S53, Nbpélepe@naaﬁﬂHQ(tQhencgpperamunfaﬁethe
edges 76 widdh d ﬂececyhngehgel leurafxafa%c% gﬁ%gpe @Zt@%@%g@b‘ﬁc% H3 be

in a pOSItIOﬂ in which the axis of ousi n earli ng is
paral | el tdiREdA) oFC ta steylﬁ%erPeaﬁneuwacéeéeraﬁae sonsagee B v,

per Eendl culowfltr@os;w aéier@QeQ% btloek>164 s efsy eémrplt ﬁﬁeg&guré 2hr e_]ghver

as er n previ S I one arran e I.mMensi Qns o p1 ns
70 caudl t RSN Gy WieRs PYEes S %&ﬁp&ﬂr%@ne o U baer Sk g rorh g
surface 62 acoflyt hehdwroatnngiphate 365 Arr eﬁreﬂ:ermteatpi@mebloék Bl arauarigel i n
I’eCI pr OC8.| ltyo p%xrloaslega%lec%oyst' on relvte OU % r%?; I Z.f.q:q} ha&cc%.%?e@lt@]#éh

three systens T 16¢ eferring the piece,
20 descri bed®taidnd Imtteeeéoeaﬁeb@fnmhﬂ e@h%kba%e A wﬁfaﬁeﬂﬁﬁerftlhmi‘geabl e

way. |In ordgy, teoue%alttet etk di %oQR%%%tl'eorMch@E)ﬁ e&eeghraeesesseh&wsmg
bl ocks 79, two on whi ch are shown .in gure E fixed base 1. These

bl ocks2%9 it ed§¥FQEFd sandcheEEPaEe pd@é'iet i Bnlft‘Pg‘ ofh ?hé’Ht&%e‘f?gt%CZS
referring sysieiminyl, spdtemndeBd” fhatanent ey i iclcoupl 2dbko Hasieihday
means of sgrews. Systems 31, 3L, and 31" are exqulg t hat _sho

how
di fferent suf%ééggtﬁﬁﬁ re?erences pr5V| 108 actlura e?y SEPFﬁég%ﬁe dﬁ%ition
of the surfdesesridfed.heét WinrgeB6 dro fen@d teltdc kerbtefte cledicgmrafe dnedy

anot her sysiemgenerald ¥ depsnpds iy ihg, panat g%s%%w it difatn d

support to be checked (33, 47 or 63) Is intende I'n otther terns by the
refereﬁ@es*?ﬁhts&éﬁéFﬁlnéétHﬁ“&cﬁ@@@eanﬁﬁﬁﬁﬁnbb§9t|%ﬁﬁ(ﬁ°ﬁqﬂ?%ﬁﬁﬁﬁ9ﬁlq n the

course of tdigstaperMidOpridbdrtlSy detecting the reference plane r.
Therefore, the locking and referring system 31 identifies
and fixes the position of support 47 to be checked, in
particular the angular position of the surfaces of wings 36

35 with respect to the reference plane x, by the cooperation

between the annular surface 54 and a reference plane



35 associ ated hard disk storage unit. Locking and referring systens
diffefent with respect to those herein illustrated and descri bed can be
foreseen for - 12 7 May 2002 referring and orienting pieces that have
different characteristics with respect to supports 33, 47 and 63 that, as a
mere exanpl e, have been considered in this description. 5 ThemMay 2002

opt oel ectroni ¢ neasuring system for exanple of the known shadow casting
type (shown in figure 1) conprises an infra-red radiation emtter device 75
and a receiyver, or photosensitive device, 77 of the CCD (" Charge C0upled
Devi ce”) t¢§éined Fomddkent arFface w&&wnéasﬁﬁn@ruﬂevpeéaéé%rl%s

emtter desucEaer 58 oF bilghtk 39d directing it towards a receiver mﬁth
arrays of phat gsensor 1Qef A rrechanlc§t3 %5 i nt.er posed

bet ween emitter Yand r &cei var gF%ﬁgﬁlandn%%%@éﬁﬁggtﬁéeFlg B8R vyt he
non- intercép@@de£54pGWKidn<ﬁompnﬂ331ﬁa veekhelsla BBcerveplddvicoebatlke

phot osensons agg, el SEfON o3l Yrsgagnede and ik, means ofi BEoRSlere o

processi ngs,” a di nensi on e intercepting part, or its deviation wth
respect toM@UAGRchald vAE ek aliQASRIRES 203 Theleni vhéFhdefheseTs diss

fixed to aposneibdeaf pSpROI33, 1%vé’ﬂ“id:ﬁqé&cﬁiﬁ/}€rr3§ péstf tyedigarthenot her

end 21 of pport 15 h a way that IS dlrected substantially
al ong a plgﬁ ?%%ﬁﬂ#%ﬁ?gfytoqﬂﬁgg%ﬁq?() rwﬁ%ﬂﬁ?ﬁ?%ﬁ'répaf§ t'abte £3. 25

The |i ght b@amwdxuamut&ﬂbﬂgn&nﬂztEha€51andmsaﬂrfnntMQ obénthelpihede. The
Pl ece BB LIl eIt AP S NG PRAMANG, LI, BALELED, Of ph0e . BERTLENGl, ! S no!

i nt er cept ed r each ece|ver ndi ng on the positron o
|IIun1nate@ﬂéﬂgesUﬂrQQquﬁﬁﬁﬁﬁlFﬂkﬂ&xﬁ%d-®®bh preeplevn7¥n iftiguge3d-

possi bl e tq Galgdat eiody spphabl eghect ran c 9&9@2@@5ng%tufis%t%'n@ra&u@ns of
the piece, or their deviations with respect to_the nom nal dinensions. The

appar at us &CEAERRg G tHE i TREMIDrOE af? bBNDEL RF 2 8RUEBRNbe PREERLCAG 41
di st ance, tdfrsb@@rpmgflaaxuwlgme@keags of 35pihe1wm&gofdéup@@rtmo&% 47

fhe sak® o FECIREey. 9 et b EHe Spport “PeTist’ 3 vey ages ririthe
magneti c r¢@d/me¢€e BRades 45, tdakedtpsstwbanendd 36y eocoadingitb frihgures 8
and 9. three pins 38, and has a center 32, driven by a knob 50,
that can rotate about a vertical axis. The center 32
contacts the internal ring of bearing 34 and makes it
20 rotate with respect to the external ring, that 1is
stationary in hole 52, for performing checkings in a number
of mutual angular positions corresponding to a number of
operative positions of support 33. Two pins 40, fixed to
nosepiece 37, laterally lock the wings 36, hence preventing
25 piece 33 from rotating during the checking. Two reference
blocks 43 and 45, fixed to the worktable 35, include
surfaces 46 and 48 that define a reference plane r’ for the
optoelectronic measuring system, which performs the same
function as that of reference plane r defined by surface 58
30 shown in figure 3, hereinafter described. Two protection
elements 42 and 44 protect blocks 43 and 45.
In the same manner as for the locking and referring system
31 hereinbefore described, system 31’ too identifies and
fixes the angular position of the surfaces of wings 36 of
35 the piece to be checked (in this case support 33) with
respect to reference plane r’, by the cooperation between a

surface stationary with respect to the piece and a



Before starting the piece checking operation, the apparatus undergoes a
calibration cycle perforned by using a master 5 piece. Then the naster
piece is replaced with piece 47 to be checked. Mdtor 23 controls the

di spl acenents of the longitudinal slide 11 along the guide elenents 7 and
9, until encoder 25 signals that the slide 11 has reached themagsiioiogn in
whi ch 10 the optoel ectronic neasuring systemis at a section S1. Mtor 27
controls small, clockw se and counter-clockw se, rotational displacenents
of the rotary table 1i, by ngkin% bhe conponents qof the optoel ectronic
measuri ng SYSEEMPFS BAGDE7 IGddPrPary SUBLPSRt PRI OPR (h8eplthkecoPi&éct i on
S1. 15 In 3188 odunheeecpfictthe3d asai phakilars, tbheuepheelseqsonne @Baswr ng

syst em det t spatial posjtio t | ower surfaces.a, ,¢.and _upper
surf aces b?%gzgflﬂ%ﬁe%%oﬁ%ss 3 afd G HaY! of %ea?%?%'f‘e%%%gpf‘anggrlsd&aisﬁed by
surface 58déff fiegfser aceidtockhs9, sprfateusibatdesariybedivhenresferti ng to 20
figure 3 apdde e oleckiog aad releifly syst abldta T delegt edsdata are
processed by the power supply, control, p oce55|n§ and I spl ay uni t 0,

t hus obt ai ﬁiuﬁé,acﬁor(“é-a\cl@fpggﬁé,lné? Bdgheysiedn ieuhpd ep§Ra), Pb(a), Pc(a),
Pd(a), Pr(ahe epresent atsilve offdrhe 1vakiialyi onsdof e pasiti @l ek eaxh 25

pl ane depenqi n% ontt he ,oscfi.l | ati o% angl e a of the table 13, detected by
encoder 29 1BAS TG Sthdle ICGFES Kadh X CRIREGSeGe 3( iHF tERETCas €16CKa
curve rel atdngnt ovha drovere yd aine)mowtted Moy nuearnal dé Eivp tllkeea fcape iofgsa
curve | atdgng .t e lLane), t Cizal ationang X amn
o i s g T1RR PR bR i%)é:‘ﬁt aft%’&a%%ﬁrgg§§r%a|6|°e|%ﬁo 2008 BI3T e

pl ane. The aad gl age of6X hedopivel ectasmfiat isiasltvom Wit HEhihe spakereare sl ane

r, in othersy&afest Ngeangybaraosisy 0Redhinkhe [9LRT Yrd fbt&nds ato Whinch the
di rection ﬁ: the light beamis 35 parallel to plane r,- is thus determ ned

I

by angl e amid¢k3fRdr Gikr yF BB 2 ShRTe S heardgPéssit6iccaree Pleges
relating ta’theani@f @encefpt andchasptodl &t tdh val uRasMring é?stgmNHYXZOOZ
that angle am , .the dijferences hetween the val ues taken by the regression
curvesP el &E5FG 5 hée-;’suff%ﬁsgsw % He™ 38 Hg's g% &io(c%‘ n‘ﬁ‘(} defiugs @n . g
and the v alapervtlakan b sten triegrles sp baneusue faekatéisng it t hermef er erce pl ane
Priocmn) Sdepieashled Nefll o1 a06eenddi (h FasuPrale Hb BhakheRlanes of the
w ngs fromthe reference plane r. These val ues enab e to obtain the
di stance ex@*stS m§IRFHNY AHe fnitey$u3d.acsn 88ppacailia tadsoteurg ¢t fele
i6gventi on dzxoererakies 63 deleals tHRaAPS QMO LY @t ulrihR oS WRARY e sP2ctd fand

, as

O parallelismerrors of t surfaces of the wings 36 with respect
to the??ef eréidé p?gne {ff?el ‘b]aﬁtiggul EF‘? i 27 s”btoes%‘?a\n,)\{:'e tséliéﬁé‘@ll:lfailé%ur es
("bend") ardgltiordviiared ,("twrshép ofitie =sur kacestaficw pgst 36nwWith regpect to
the refere plan r e rallelismerro al.ong t.he 15
pl ane of fiq%sfrlgle% gcn"{fj _a%%%%?%rﬁtg %ﬁgﬁé rggbss'?%r‘@ ar't yls%l Cor d??g bo Ifccl"rffelCt9
direction dfoakiad idgiidreani th especpiresisgrsl n aordert tanldetes nBheanke a

"twist” of 13 tflacen@f A W RAm3A cWnklukaspegtchorthe yefgrenceeplape r, it
is sufficient to calculate the difference existing between the angle at 20
whi ch £he MEGESsRIGETRI LR afPHEWEBAE heddat Pate2PEREATUSYELaCE 68,

consi der at iaord Has & he armdigasaImdiiragnival, ud y daTexinPEndy kkepag@dHan and
the angle e%twov\,hég

the m A mu Ul 0% A Said Go01 1515 T he U8l 08 eI 15hta HEG 55t RS i nal
25 wi dt h ofnofiepy <3& 7t hEheredstiekray peesisem. 71 may be replaced by a
lever, connected to the nosepiece 67 and mostly included in
30 its overall dimensions, for exerting a thrust on the
internal surface of piece 63 in order to keep the edges 76
urged against nosepiece 67. Three pins 70 (only two are
shown in figure 7), fixed to the floating plate 65, contact
an annular abutment éurface 83 of piece 63 and enable the
35 formerly mentioned plate 65 to position itself parallel to
this surface 83, at a known distance set by the dimensions

of pins 70.



Hence, with a single oscillation it is possible to detect the data
necessary for cal cul ating the di stances anong the wings 36 and the torsions
of the wings 36 with respect to the reference plane. 30 In order to
calculate the "bend", it is necessary to performthe sane oscillation
operation at two distinct cross-sections Sl and S2 and cal cal ake the2

di fference between the values Li ( i=a,1b,-c, d, e, f ) obtained at the two
cross-sections. In this case, after the first 35 oscillation of the

opt oel ectroni c, system at Cr 0ss- sectl on S1, the notor 23 controls a
transl ati of oPi8] it 175 a1%hg Whe L4GREENEI eRbAFS 762nd 'IARST ter &N s
reached thassociibed? hMaye 2 20lposihedninmpiielcer @8 bfoengodeenedbngi atwhi ch

t he opt oel 0 sur. em g at _grogscsection 82 where t he second
oscillati o%%%gn %o%fg”%ﬁ ?%tl%gbyna&:glorrpﬂ Shr nO% w%)1 c8rrp|cetle Oscill ations

and a 5 tr &hsl dtoicdn ngf atnlde wpteoat ievd rays e y3t e’m aflengibiesnghntudiimeals axi s
paral | e tQh‘éh?OQHEQ%ne'o%W%ﬁl%ﬁoZta%@ o bte bﬁe@%%‘ bllﬁ EQrQQE@'lQrt faﬁgdata

necessary di st ance check 1 Nng of the w ngs, tw st
"bend" of PRESPARGICSAHTHEE BT hthesprEfacrssa Orfefverrerfcéﬁ)r Wheh r@sPRESe

checki ngs ean hefeidey npldagyen by aamd ngh e’ oseiddaat §paci pithel gyerhet here
are utilized tvvoﬁ%eparatfe gl 'ttder-rggei \re:[“ %i rs ﬁl,oré&,a (P rectl on % rall el
to the gui F&OBPEMNPE PLahd®oY9G6st/ 8ntiitd |52/ §t ¥HeNEF 58S SOEEERE and
S2. 15 In af enidalerd déht melksway eiclee &helcki hgs aofpstfppost sid3 wandh63 ar e
carrieg,out , W LN . eference S e;Leali tht

whi | e g%ectktl ngsT’JrlesI gjtt?r%g&t E‘f%)exgl}'reellég“tzli“lhdrggf o#}g? oﬁggggggge%eﬁakéﬁqreéf erred to
pl ane r " thehexdsedi nighiof ¢Y1b112@r%l¢%l apeefapen8Owiends 3IGnseayendd van

al ternati veerl@eneefcerleed to BLarsct ‘so0 &efbnedikbyed herbtoathng phate 65 in
t he event, for exa it be necessary to check the position of wngs 36

Wi th resped:t to sdf ?%%V%@ Aﬁsop%éleéétrcﬁﬁecvwgtle\fn | PRBELAR®Ene Kéfein
descri bed, a2 ag@iepiensi nthd Uslie 08EmPAL oS btferpﬂfs /70 eeghyer thé, 1cmears a

limted_nmeasu a ical vaI does not . ena

e D i o Seld ot e,
in figure r a eagphgepéettieo (spseamnceup et a’ por
may conprige, .34 §%a 'c‘i r%\é%lqg'ng%(i%%lgﬁdgto\é?tl%%@ vers with partially

over | appi ngi&r anges,” accor or guaranteeing the

continuity e id ghe 5@&#&?6@&’{% eR¢lcPEonds rth¥rehsypEeeReddings
are performad. Jhe sppar &Tdis p&@r@r 1 NGnkO rtelferlrrivl@ntw@ gnabkes Hehe 130

ext{eTELY MiRGhSged SIADLE B0 scelrae checking, ol Bl sGes iy hdifferen
operatrons;duethangaﬂbme viay .orfceorider to ¥aciliMaype2@®ds operation,
there are three positioning blocks 79, two only of which
are shown in figure 1, fixed to base 1. These blocks 79
enable a rapid and accurate positioning of the locking and
25 referring systems 31, 31’ and 31’’ before they are coupled
to base 1 by means of screws.
Systems 31, 31’ and 31’’ are examples that show how
different surfaces and references provide to accurately
define the position of the surfaces of the wings 36 to be
30 checked. The choice of one or another system generally
depends on the operating conditions that the support to be
checked (33, 47 or 63) is intended for, in other terms by
the references that determine the actual angular position
of the support in the course of the operation in its
35 associated hard disk storage unit.
Locking and referring systems different with respect to

those herein illustrated and described can be foreseen for



switch fromthe checking of one type of piece to that of another, it is
sufficient to replace the system 31, 31' and 31" for |ocking and referring
the piece, that is sinply fixed to the base by nmeans of screws, and/or
depending on 5 the dinensions of the piece, support 15 for the conponents
of the optoel ectronic neasuring system also sinply fixed to mMag pobary
table 13 by neans of screws. The scope ©f the present invention also

i ncl udes apparatuses differently featured with respect to what has 10 been
her ei nbef ore des¢ri bed and illustrated. For exang t he | ocking and
referring $¢&eEmangl, and  grientipgy RARAISe & PEverhdYBe Qéﬁgﬁéépt
presser, suhatraatteallls}tls:lsmtbathtQetslpeoctneeo(Sﬁ;p@&tﬁmssshom ighd he@3

dr awi ngs, ﬁckudlng a self-centerif d |ce in order %& @Id thgﬁ%15 t he
thrust of tHEpredter® ofFRe PFEER %en e P§PResCYRSHIFEE fer ent
fromthe veeticcabtaoe.. The sel fcentering devrce can be of a known type

i ncl uding %h'%o'&?H‘éé’i@eﬁ%f‘&nf@“ﬁte%%u‘h%‘ | ?Q@Qﬁted iiesa tgk& gerect]erg%e

surface of the piece reover support or the opto Pronic
measuri ng $porEmst@diome Gagiidly Fyb&d! E’tfép"ﬁasbn 1figrreelt héo§19§t1§ﬁhsf an

| ocki ng andtnerfaerr"e'ankatJ‘ﬁht&&Peeﬁt_ﬁﬂtegl d_,evcile 75 candbea fré@éilt@r; hgrotary
table 13, coupled tqg the | i, tudin k sI e 11, in org e&lt tge
subst ant i aP t@éﬁpﬁéﬁﬁvﬁrrgﬁgéﬁﬁnt 2 e $GRures aﬁﬁethp§u€ §& 25

t he conpon®etvd cef’ )t hgpept oel ect roni ¢ systent75 77 are stationary wth

respectqto E%%gt%mjent‘éf'i'ly, tah%(}];%'d%%e gt in C'delcxﬁtc% %%?@g 1303 ate il 3o

| ongi tudi nal irection”i'n order to rent Cross-secti ons.
As an al t edeatiioge, enitet ingt akyghtabkedldicaetiaadiirtect dwaBds couplesd itverbase

1, instead,gf-pbejpgscounl £d R t3s 'e%%ols% \(\@ Jie Sdiﬂop%b 16chf dfi%e). A
opt oel ectroni¢c system and the systemfor and referring the piece

(31, 31', Zechpngcalcopprid trbt%tnwctlbmree@ retlatyetamréi 1386 Wailce
versa. 35 Taethenaiyn ldlee&rdel@e@ appanaight ean anl§ ke ecUhidn-Z2ea cfrafedthe)

cont acibesg STkl 19,1 RLeCE e g5 Tl Sl e, 4pd ] unshon

Opt oel ect r giiot: caspacatsusafor eflketdionersildy aemﬂrmec‘.:hapé checknagnef ofi eces

(33,47, 63) g‘g‘n%)r 2 ﬁ&b@éit%geé) % %&Rﬁ}t Abhaldy ?Bté?geg‘d&}{? Ir%%rpar allel

surf aces, |S|n8 |ng an errrng Sys
(31, 31", 31 or) figs adprvéebien beltéthecn@eﬁpe(c% 47, 63) nqpingkt st34ry médns
with an optoaleatdtri.c system (75,77) for providing signals indicative of

t he di nensions of. t he pi ece to be checked;
20 The emitter 'device 75 is tfixed to an end 19 of support 15,

while receiver 77 is fixed to the other end 21 of support
15 in such a way that light is directed substantially along
a plane perpendicular to the axis of rotation of rotary
table 13.

25 The light beam is emitted by emitter 75 in the direction of
the piece. The piece partially intercepts the beam and the
portion of the beam that 1is not intercepted reaches
recelver 77. Depending on the position of the illuminated
edges of the piece projected upon receiver 77, it 1is

30 possible to calculate -by suitable electronic processings-
the dimensions of the piece, or their deviations with
respect to the nominal dimensions.

The apparatus according to the invention can be utilized
for performing distance, torsion or flexure checkings of

35 the wings of supports 33, 47 and 63.

The operation of the apparatus is now described with

reference -for the sake of simplicity- just to the support



a rotary structure (13), one of said locking and referring system
(31,31',31 " ) and optoelectronic 15 system (75,77) being coupled to the
rotary structure (13), and a systemfor the |ongitudinal displacenent (3),
that is coupled to the base (1) and defines a |ongitudinal axis, 20 the
rotary structure (13) being fixed to the base (1) or to the7l emg Rodi2nal

di spl acenent system (3) for allow ng +ongitudinal translation and

reci procal rotational displacenents about the |ongitudinal axis between

said piece (33,47,63) and,sai d aptoel ectronjc st 75,77), 25 the

opt oel ect r dfic éyést@ 195197 Sadvidithg ea s?%nal%g]ai(tnﬁlanse £80r ¥61GF sai d
reci procal 360t atcicoralindi $pl ddeneriss 8 alhar &cterized in that the | ocking and
referring w3l 310) i a f.Qr fi ni th rr t of
he pi cce CS3°FF Elrritng’ bk STePESRER SElerd Sy, T LERUSTRLS
tridi mensi oiWalersgiogse anvi ¢l berathenr cvolei pge fEIERAdly nisign g akd Mplsdiear

surfaces, igleCh hdiye50 hl3tegabdeBbUnal idab10ic] aparn sYLiacedr to
substantially |ie on planes parallel to said longitudinal axis, the

opt oel ect r & (,Chsef%‘teéjm (75,77) being adapted to provide, in the course of
said reci pfma:lhr 323r Qioagjgma dhéglmm&' = %%ergdsgnalfs t el ql@tnig\i&u@i_fintahe
position of .t n -, ., An optael ectronic

appar at us a?&&&&d;%&g%ﬁ&%& &% f,ul\]%eteéieﬁl%‘&isd d@fléicé’némﬁé nENESHSE €2 a
support (15yignsulissttdwatti alhley sC-isleaddd hafsor ekl eoptthel @otsridriion systwimch
(75,77 sai I : : in d.referri .syst.em

(31, 31i€,)3| ?C}B% 28 %_%l%iété?ntl%nt etaa@?‘gtlg@k s trt.%g‘t ire a((:tlf) %%r‘fgl?ﬁ‘etsgase (1),
respectiveMptor & epnbspéet rowild ra Ftwiss aacebediasynte reicdionkyisgher ei n

sai d | ongi trédiatalondils pl idganREmes st e (Sle CAOPELFEBaBRea13] 1 88 mhling
novabl e al gng said | ongj tudi_nal axis Sﬁld rotary structure 3% bei_n
carried by CLPPRReys) Ofs the, SREEELEEFFORILE. AP HINY at¥dFeRnd X o
claim 3, waerei?V tdseilldrgiet wdibzalandiispllacdamenthes ydtzem ©3) secaripn $4s 15 two
gui de elenments ) An -op ect roni ratu ccor.di tQ cl.aim3
or cl a?%n E1rfaﬁcotr_’r%(rzi sgldnugrssae f ?F‘Cstékgere%evi r?gS%g;Jigtag%B\?iviSt’h gh% rogitor?gl%c?rt%(bﬁ%
coupl ed t o MeFes UGGy \s Wttrarc tdateq8) the osp2biabnpeslitiag pét ghicodowsr t he

rotary struchuredsl3), abostqsabfdekongirrudicnal, ax Sof 6thénw99gge§%ctarn®i c
apparatus according to claimb5, conprising a first rotary transducer (29),

associ at ed kidth 28 e freEeTabEer HEPE Foldqfiadddi By $Ugface d@Bermdi ng on
t he angul arrgresidric@n Wfodhesg Ot gryv sbHHITY UABsEEBbed 7whAR QRifReIEGIr A C

apparas e 36054 n9 Loachal Ml PORLLST 4R Agaand A ¥ ngRyghemd h @

detected data are processed by the power supply, control,
processing and display unit 30, thus obtaining, for each
plane, a regression curve P{(a), Pp(ad), P.(a), Pgla), Pr{a)
representative of the variations of the position of each

25 plane depending on the oscillation angle a of the table 13,
detected by encoder 29.
Each of these curves has a maximum value (in the case of a
curve relating to a lower plane), or a minimum value (in
the case of a curve relating to an upper plane), at the

30 oscillation angle Opax Or Opin at which the direction of the
light beam is parallel to the associated plane. The
aligning of the optoelectronic system with the reference
plane r, in other terms the angular position of the rotary
table 13 at which the direction of the 1light beam is

35 parallel to plane r," is thus determined by angle Oyin of
rotary table 13 at which the regression curve P,(a)

relating to the reference plane has a minimum value. At



30 coupled to the longitudinal displacenment system (3) for controlling

di splacenents of slide (11). 8. An optoel ectronic apparatus according to
claim?7, conprising a second transducer (25), associated with the 35 second
notor (23), for providing signals depending on the position of said slide
(11) with respect to the base (1). - 19 7 May 2002 9. An7oph9ebegbronic
apparatus according to one of clains frggmn2 to 8, that utilizes the shadow
casting nethod, wherein the optoel ectronic system conprises at |east an
emtter device (75) and at |east a receiver device 877) 5 fixed to support
(15) in oppBsit eNFdsi Pnoms thet Hiféeperfefobpirusan 5324724355t 62kench¥cked.
10. AP opt eakeekyeBEE iapPaLaus @@Qﬁtdh?gtbotfbigﬂk@acé@eb@iﬁh&ahdngg) |
opt oel ectrqni c_system conprises a plurality o em tter deviges an
Pl ural 1 9 %rPreet ver (0201 ot (77) B E At SEIME £ AR adbr Sk
accor di ng tregckaisird cruxctai mel@rinbertei ntbai decfibndrere dplase (FZ%Pnin$ an

i nfra-red 13.digdgcandsalid daeaivar qauced 71, i) 3 EDhLVBanes of
photodetectoP. 2. An_optoel ectroni'c apparatus dccording to one of the
previ ous cltienyingferigiom t blee | sekrngnand Planer M nglkyse efp2BeEoRPRPIEs at

| east an elemeplaih3the; 99s84nb2) e&fi@ﬁti@lgf bResgathef giegeesgl.ane (r,r',r "
(r ™ ") for the o toelectronlc,syst§n1é% 371%. 13. An optoelégtroplc
appar at us ACc AP HA LY cPECAFPINI2EunERE M HRI T ki AJSANERIRREST i 7G

syst em conpeitees refigpence us acés (138; 55pp0r88) 3y dTFopendt iéy), Waish
abut ne surfa .41:54; 76, 83) .of_.t he_pi o] hecked (33,47,6 for
defi niﬂ% t 3%@??&&3# o?r]f%%s plzjgceth\'lﬁ t ﬁgFgé‘g%%t th;g g%?dwrlélfg(esr e:?]%e’wﬁi%éne
(r,r',r " respeck. BO The Ancbpreetectrlemec amppdimt psré&tcoddirng i dlsai m
13, wherei B hephacking and refSLiidg sYisLea» £OORA! $65 51 8RET (heGKisng

devi ces (3%?53;69,71,7%3 for cooperatiﬁg.mfthpsur?acesso? thé piegg Bo be
checked (33f4the3ysunfatrkphgWaBasait@ puditt i BASRFACE hkC ptBee rRifER enespect
to the refgnemnee H) aBBalr deprdsent "the parallelism errors along the

15 plane of figure 8 and along the plane substantially
according to the direction of the light beam, respectively.
In order to determine the “twist” of a surface of a wing 36
with respect to the reference plane r, it is sufficient to
calculate the difference existing between the angle at

20 which the regression curve relating to the surface taken
under consideration has the maximum/minimum value (Qamax,
Obmins Ocmaxsr Odmin) and the angle at which the regression
curve relating to reference plane r has the minimum value
Onin and multiply the wvalue thus obtained by the nominal

25 width of wing 36 at the measuring section.

Hence, with a single oscillation it is possible to detect
the data necessary for calculating the distances among the
wings 36 and the torsions of the wings 36 with respect to
the reference plane.

30 In order to calculate the “bend”, it 1s necessary to
perform the same oscillation operation at two distinct
cross-sections S1 and S2 and calculate the difference
between the values L; (i=a, b, ¢, d, e, f) obtained at the
two cross-sections. In this case, after the first

35 oscillation of the optoelectronic system at cross-section
51, the motor 23 controls a translation of slide 11 along

the guide elements 7 and 9 until there is reached the



5 10 15 20 25 30 35 - 20 7 May 2002 15. An optoel ectronic apparatus for
t he di nmensi on and/ or shape checki ng of pieces (33,47,63) w th abutnment
surfaces (41;54;76,83) and a plurality of substantially plane and
reciprocally parallel elenents (36), conprising: a base (1), a
di spl acenent system (3) coupled to base (1) that defines a homgit adional
axis and conprises a slide (11) for peri®rining translation displacenents in
a direction parallel to said longitudinal axis, a rotary structure (13)
for perforninq notational,disglécggents about sagg | ongi tudi.nal. axis, a

f_ e

first drivPRGr&ySfem (397520801 ed¥ 0 EREFSTary bssh £ o

ructre
cont r ol | i ngpsaked ecatrahiianamedsapliagenepssem aidirast torarsstiseert i(@20) sor

provi di ng %%%Q Iﬁh%eggggkggO%@i?ggf?%%uhg{ggg&%&b%g of the rotary structure

(13), a secon rrving system oup € 'di spl acenent system (3)
for controlfhiusg shiyd aceempbisoingi $plcacenmpisfe aosetbhat temansduskr a 25)

for proyi dicngnghghals dependi pgeon &hie, skt on; Of SAH%%( 11)2 10 rgspect
to base (1), an optoelectronic detecting system (75,777) conprising
longitudinal axis parallel to the guide elements 7

and™ 9,
it 1s possible to obtain the data necessary for the
distance checking of the wings, and the “twist” and “bend”
of the single wings with respect to a reference plane.

10 These checkings can be performed even by a single
oscillation in the event there are utilized two separate
emitter-receiver pairs along a direction parallel to the
guide elements 7 and 9, substantially at the cross-sections
Sl and S2.

15 In an entirely identical way the checkings of supports 33
and 63 are carried out.

With reference to the latter, it should be realized that,
while checkings relating to flexures and torsions are
generally referred to plane =x’’, the checking of the

20 distance among wings 36, may, as an alternative, be
referred to plane r’’’ defined by the floating plate 65 in
the event, for example, it be necessary to check the
position of wings 36 with respect to surface 83.

An optoelectronic system like the one herein described,

25 comprising just one pair emitter 75 / receiver 77, covers a
limited measuring range (typical value: 20mm) and does not
enable the checking of particularly “high” pieces, as, for
example, support 63 shown in figure 2C. In this case, the
optoelectronic system coupled to support 15 may comprise,

30 for example, two emitters and two receivers with partially
overlapping ranges, according to a known method, for
guaranteeing the continuity of the light beam along the
directions in which the checkings are performed.

The apparatus according to the invention enables the

35 extremely precise, reliable and accurate checking of pieces
with different features and dimensions by performing simple

and rapid retooling operations. In particular, in order to



a support (15) with a substantially C shape, with two free ends (19, 21) and
a central portion (17), and at least an emitter device (75) and at |east a
receiver device (77) coupled to the free ends of said support (15) for
emtting and receiving, respectively, a beamof light arranged in a plane
substantially perpendicular to said |ongitudinal axis, and 7amagckiong and
referring system (31,31',31 " ) for theygpiece to be checked (33,47,63) with
reference surfaces (38;55;70,80) for cooperating with said abutnent
surfaces (41;54;76,83) of the piece tq be checked %33 47,63) for defining
the positi SWi6CD HE Pt cde ERaFKEREr PCfeds tHRE Ofh&icStarP sthakt Bfe (13)
i s coupl edahotdheird slki de (shr)f,lctllaﬁtCtshap@das:uppmret sheicag Bixediat aIanS

central porghi, on { 002 1 he rotary str ycture

such a way ?hatf?r %%%El%%dsn 1§€é3r %P?OP%FFIﬁlﬁé ro%%tlg

di spl acenedtigegbdit the bangi bmdmnamsamfs smreavsp,l a@@déqbsﬂapendhhg on
perpend%cu'tfhr tﬂn%@fs@&n%n%é Ué’d@ a%és séplgz?f't iﬁe&?‘?'ﬁh@g oreiuete, %)fnec”' ng

system (31, 31' i ncl udes east an enent 3; 45; 59
surf ace (4@f486ha@8 (o) %?}e@hé‘?n%i‘éf rRésuaipef esryéﬁ@é“rplaa]n"eo(ﬁlmply fixed

) f or theteptoe! eeiheri e:acﬂmeeqtsl BY s¥ESheMo¥0sciews?), and a rapid | ocking
devi ce (39;53;69,71,73) dﬁ?r cooperating with surfaces of the plegg to be

checked (33187, 635°%%r i nFAG af¥F§ ng1BVEBEPon HFS? he 1HiCeddSSh such
a way so th@ipa&@ltﬁhs&tsbsdzaﬁﬁe@édwlpl ﬂeaeteteﬂewhstu( %e)sgim:tsutb@tahhtalkﬂa)s

!?ar allgh tog '%éféfr(ﬁé‘fgrel5dgég£’?bé and’ l]tl\{% dted. E‘§ aRRA! %&%5
ut her ~i ncl G I ng a processing an con %ﬁ coupl ed"to " sal
opt oel ect r dgriec  dpskdmg( 76nd7) refersand f$ystera$1d %bcorﬂjl'drl Alng sy staemns

(27,23) an¢ i Sald 4 ratand segend vterr%'l%%‘icer;ﬁe(s%%r%) s RAH2G&s3ing 20
the signals sent by the optoelectronlc system and by t he transducers, and

control | i ngifHdadr i v9 ngheyanams. (38, A9 0ptVel EBPPBNIID apBar &Tde 18&Sor di ng
to claim 15,ndeleign d hee Bt té0te HENG Cae(&Eb anc tdwigrecedvakodaviteat25

77) a to .sa ort (15 ch a wa he .di recti,on of
he bobn ot Tt &h SHBUPAPSBBRI For (k1 of STRELF bF afy “EEPuCTUr ¢
(13), arrzu@yﬁequhqﬂﬂ @aﬁibkehﬁtofsamd théeregnelgahneomeﬁr The " self- "),
sai d proce%gn%ﬂ %QJW&J &E{etbé 30} BT RRESF! Egp? B nEREAGRYr Se h%Q.l%fwthe

rotati onal spl acenent s of rotary structur , signals arriving

from the optledleadt henisd Ndette Btaildg asipstt@s (trs tP'Fthaﬁd Iferf(ﬁ’ﬁ”et”ﬁ@ furace
transducer df29%nhé opidetectidibsaiA §ﬁl§]plb§£ AGsi tdonEag @ptoﬁe&romc

ot ect Thy SRARITS TG GTASS T HITREY CELFES o PRECT drathone gFd o
rotary system for locking and referring the piece (31, 31’ 31’7)
can be fixed to the rotary table 13, coupled to the
longitudinal slide 11, in order to keep the substantially
vertical arrangement shown in the figures. In this case,
25 the components of the optoelectronic system 75, 77 are
stationary with respect to base 1, while the piece can
oscillate and translate in a longitudinal direction in
order to be checked at different cross-sections.
As an alternative, the rotary table 13 can be directly
30 coupled to base 1, instead of being coupled to slide 11,
while support 15 of the optoelectronic system and the
system for locking and referring the piece (31, 31’, 31'')
are coupled to slide 11 and to rotary table 13, or vice
versa.
35 The herein described apparatus can also be utilized for the
contactless checking of pieces that have a different shape

and function with respect to those described.



- 22 7 May 2002 structure (13), signals (Pi(a)) indicative of the distance
bet ween surfaces of said substantially plane el errent s (36) of the piece to
be checked (33,47,63) and said reference plane (r,r',r " ,r " "), the
processi ng and control unit (30) 5 processing said S|gnals and detecting
their value (Li) at said angular position (anmn) of the rotarwast Roopure
13). - 17 -
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wherein said detecting means comprise a support (15),

substantially C-shaped, for the optoelectronic system
(75,77), said support (15) and the locking and referring

5 system (31,31’,31’’) being fixed to the rotary structure
(13) and the base (1), respectively.

3. An optoelectronic apparatus according to claim 2,
wherein said longitudinal displacement system (3) comprises
10 a slide (11), movable along said longitudinal axis, said

rotary structure (13) being carried by said slide (11).

4, An optoelectronic apparatus according to claim 3,
wherein the longitudinal displacement system (3), comprises
15 two guide elements (7,9).

5. An optoelectronic apparatus according to claim 3 or
claim 4, comprising a first driving system with a first
motor (27) coupled to the rotary structure (13), for
20 controlling rotations of the rotary structure (13) about

said longitudinal axis.

6. An optoelectronic apparatus according to claim 5,
comprising a first rotary transducer (29), associated with
25 the first motor (27), for providing signals depending on

the angular position of the rotary structure (13).

7. An optoelectronic apparatus according to claim 6,
comprising a second driving system with a second motor (23)

30 coupled to the 1longitudinal displacement system (3) for
controlling displacements of slide (11).

8. An optoelectronic apparatus according to claim 7,

comprising a second transducer (25), associated with the
35 second motor (23), for providing signals depending on the

position of said slide (11) with respect to the base (1).



10tt 10tt

10tt !, #10% t & () - 12WU3r S41 1 #10% / & () -T, | #10%/ x/ & ()-T, | #10%/ s/ & ()-T, ! #1
0%/s/ & ()-T,!s #10%/}/ & ()-T, ! #10% /j/ & ()-T, 21 AP41 1 #10% / & 10/ /
10// 10//1 #10% /& ()-T, 1 #10% /& ()-T, #109%& ()-T, ! #10% /& ()-T,

H! " RE$ omUAPA! | 7 May 2002
#1047 & () -1 #10% / & ()-! #10% of & () -1 #10%I 0/ & () - ! y#10% / /& ()-1d, 10%/ &
() -TRRR &' ~\:,4 10/, #10% /& ()-'a ,/#10%/ & ()-!'x",/#10%/}/ & ()-

, [ #10% x& () - y&r'10@6&f§) 2, L* 0@6&f§% rrrn &§a94 10/ /11
#100/@4| 4| &'? -'pﬁ?O%F@ea‘ cHE?@@@ RPPITIBYE| RECPLH1DBY) F& PREs ofgffaims
10//(2))**ftwh572 1ﬁf@ﬁ, that utilizes the shadow castlng method,

10%1 & 0 - Lo EO%] 840 LAORLE O L HONLE Qurigs 108 | £ 0103 0%1 & O
00!, #m%tr&r( )dewlce #1089 | &nd -gtt 1€a#$10% | &eCpiyer 'H#100Ge & (V1 y$10%
& ()i J ew}t% 6' 34#%9%3/ n(%; pasi¥L0¥bs thﬁ%oﬁ)s w3tk #LAYeLt/ #o() -

a# 10 1 &
10] | 1 2233PA5HE3+48 4#1@& /&0(?9 ShF#KG%/}/&' ()-"3!"#10%s/s/ & ()- 3! #10%

s'& ()-" 31 #10%/ & () "3 4#10%/ o/ & () - 355666666 7r 511#10%{/{/&' ()-1#@10% &
'()-910% & ()- 10// 10// 10(/!x: #10%/&'% 31 #10%s/ s/ & 37589: ;

=0>wU3r S11 H0%1088 gOPF O3 8TBERPEF &' IJRAF DI E N F1 0%/ S - P #10%
1 & ()- 1! #10%ekjehid' Epit0nptoeie2tPbhk c#EQ¥teR bH1OTB&S( p- PILGR]11Q%Eqh&' ()

-1009 ') -
10@*%%()e%itter devices (75) and a plurality of receiver devices
(77) .

11. An optoelectronic apparatus according to claim 9 or
claim 10, wherein said emitter device (75) is an infra-red

15 diode and said receiver device (77) is a CCD type
photodetector.

12, An optoelectronic apparatus according to one of the
previous claims, wherein the locking and referring system

20 comprises at least an element (43,45;59;64,65) that defines
a reference plane (x,r’,r’’',xr’’'’") for the optoelectronic
system (75,77).

13. An optoelectronic apparatus according to claim 12,
25 wherein the locking and referring system comprises
reference surfaces (38;55;70,80) for cooperating with
abutment surfaces (41;54;76,83) of the piece to be checked
{33,47,63) for defining the position of the piece with
respect to said reference plane (r,x’,x’’,r’’’).
30
14. An optoelectronic apparatus according to claim 13,
wherein the locking and referring system comprises rapid
locking devices (39;53;69,71,73) for cooperating with
surfaces of the piece to be checked (33,47,63) for locking
35 said position of the piece with respect to the reference

plane (z,r’,x’'’',x''").
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displacements about said longitudinal axis,

e a first driving system (27), coupled to the rotary
structure (13) for controlling said rotational
displacements,

15 e a first transducer (29) for providing signals depending
on the angular position of the rotary structure (13},

e a second driving system (23), coupled to the displacement
system (3) for controlling said translation
displacements,

20 e a second transducer (25) for providing signals depending
on the position of slide (11) with respect to base (1),
e an optoelectronic detecting system (75,77) comprising
a support (15) with a substantially C shape, with two
free ends (19,21) and a central portion (17), and
25 at least an emitter device (75) and at least a receiver
device (77) coupled to the free ends of said support
(15) for emittinq and receiving, respectively, a beam
of light arranged in a plane substantially
perpendicular to said longitudinal axis, and
30 e a locking and referring system (31,317,31’’) for the
piece to be checked (33,47,63) with reference surfaces
(38;55;70,80) for cooperating with said abutment surfaces
(41;54;76,83) of the piece to be checked (33,47,63) for
defining the position of the piece,
35 characterized in that

e the rotary structure (13) is coupled to said slide (11},

the C-shaped support being fixed at its central portion
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10YEMLDGBE ()@ §L9YB& (J "5 Yhapid locking device (39:53;69,71,73) for
cooperating with surfaces of the piece to Dbe checked
(33,47,63) for defining and locking a position of the
piece in such a way so that said substantially plane
elements (36) be substantially parallel to said reference
15 plane (xr,x’ ,r’'’',x’'’'’),
¢ the apparatus futher including a processing and control
unit (30) coupled to said optoelectronic system (75,77),
to said first and second driving systems (27,23) and to
said first and second transducers (29,25) for processing
20 the signals sent by the optoelectronic system and by the

transducers, and controlling the driving systems.

16. An optoelectronic apparatus according to claim 15,
wherein the emitter device (75) and the receiver device

25 (77) are coupled to said support (15) in such a way that
the direction of the beam of light, at an angular position
(Olmin} of the rotary structure (13), arranges itself
parallel to said reference plane (r,r’,xr’’,xr’'’’), said
processing and control unit (30) processing, in the course

300 of the rotational displacements of the rotary structure
(13), signals arriving from the optoelectronic detecting
system (75,77) and from the first transducer (29) for
detecting said angular position{Opin) .

35 17. An optoelectronic apparatus according to claim 16,
wherein the optoelectronic detecting system (75,77)

provides, in the course of the rotations of the rotary
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