; €e3eJBBCFF| , J6bJTJ 1 SPECI FI CATI ON  SI ZE MEASURI NG METHOD AND DEVI CE
TECHNI CAL FI ELD The present invention relates to a size neasuring nethod
and device, and in particular, to a size neasuring nmethod and devi ce that
nmeasures the sizes of fine cylindrical parts such as gmmlﬂmww GROUND
ART When a fine cylindrical part such ds a ferrule ha asured,
work is place on a V table or the like and a probe of a comsact neasuring
instrunment is abutted against an inner dianeter portion of tdwmoanork. The
work i s then rotated, and the defYfRGEFHATIW t he maxi mum and ni ni num

val ues obtained is determ ned. The anount obtained is tm obt ai n
concentricity. Further, if the work is nmeasured in a no MHMWWMWner,

t hen asSHEMEAYIRING MEPHOPSANEHREYICEPat ent Appl i cati on Publication No.
8-29642, Japanese Patent Application Publication No. 10-227619, and
Japanese Patent Application Publication No. 6-174433, work is placed on a V
t abl e ofEOHNICAleFEIIdD r ot at ed. Then, an end surface of the work is inmaged

using a CCD canera. Then, . ata. obtained is, subjected to, inmage

br 0casei ng t o B ReSiion tites 16h SrB s g meibey shf et tyfattcutr,
congent fd £5iky meliitiy Sfiethdd@Rielco 1B IR inleasiits tht ZRedBREY dyliddfi®l PAESsueR s
require a nechanismthat rotates the work. This di sadvant ageously i ncreases
the si z&mBHes: he device. Further, the work nmust be rotated during

measur enents, di sadvantageously requiring nuch tinme for the neasurenents.
Fur t her moy, oR&eDt work is rotated while placed on the V table or the
i ke, t%@(?gble of the Iike may be worn over time. This may

di sadvant ageoWsien afirecdylidéscah part sudheas pEfasule daeht size Maashoade work fs pldve onar k i s
externally partly deforned, e, g., if it externally has a depressi,on or the
li ke, t Nefabigsr dissliksanda PPl of ALCeDACL BCATNR Mgt 1S GPutios ARk aiEResr
congent Eiia?deftéf-poiﬁmn_sof%é@oﬂd.S%\é%rﬁﬁ?setﬁ%}d{atgd,%&"t& RERGH SodlRIAS Ur enent s.
The present invention is provided in view of these problens. It is an

obj ect ofaxithempné sinimum yanes ehiained isdeternined. sTheameuns gbiaingdristhihn dalyed|
appar at S tthlat §€er}l§& ily and accurately neasure the size of work using a
simpl e CHATPEFORrTIEN 2 SUMMARY OF THE INVENTION In order to attain the
above- descri bgdrthd] Eele warkfis hfthsudePdc nddfcontadt dmanmee ke addisdi®delas accordi ng
to the present_invention is characterized by conprising a nmaster inmaging
step of JapasesetRaint Appligationfyblication ey 8r3P042,dgpancse Ratent ARplicatigndfubligation

cyl jndr hgahnr | I el dbReStH f < Whi L for
i 5h 8 SEAOPRIGH] Rl 1dpRRRkE parcll ABFRAGOTPIBRAHANNE SHTUEN W HplibARE,

di anet em ¢ abtecor thslikaandrotasquio utTihen, aai endfsnxdfaceanf thewerk ip @nagedersingtac®@bd a

center of the le.to s ort.the ster .in the center of the hole, and
ol ng. anemiidg AOCBIBREn T SOingdes Sesig 1 HpiekausGraTh s SReen SUBBST T ed i n
the wor kidn@4&l ¥i b@ten@RRek:, aad conRgirRdy scal e cal cul ating step of determ ning
an i magi ng scale for an inage projected on the 10 i magi ng el enent

from i nf or mat HoWeyer, these conyentionshgize acasveing methads gl irevirgfa merhamgm;that
20 rotates the work. This disadvantageously increases the size of the device. Further, the work

AN

must be rotated during measurements, disadvantageously requiring much time for the
measurements. Furthermore, since the work is rotated while placed on the V table or the like,
the V table or the like may be worn over time. This may disadvantageously precludes
accurate measurements. Moreover, if the work is externally partly deformed, e.g., if it
25 externally has a depression or the like, the depression is also measured as the amount of inner
diameter concentricity. This also disadvantageously hinders accurate measurements.
The present invention is provided in view of these problems. It is an object of the

present invention to provide a size measuring method and apparatus that can easily and

accurately measure the size of work using a simple configuration.



according to an imge of an inner dianmeter portion of the master projected
on the imaging elenent; a nmaster inner dianmeter center position calculating
step of determning a position of the inner dianeter center of the naster
on the imging el enment according to the imge of the inner dianeter portion
projected on the imaging el ement; an oRigin setting step of deternining 15
a position of the outer dianeter center of the nmaster on the inmaging

el enent according¥;o i nformation on the position of the inner dianeter

center SUMMARGOFHEINVENTIONGi ng el ement, on an i magi ng scal e, and on
t he position gf Il t ' r . he i.nner

di anet er centglrorggﬁogg%@itggmﬁﬁg d%(E)cs‘?lfb t'eé ?tgﬁfegﬁ\f‘ait?set agﬁe?g& %I%lgeme gsru hg‘%?‘%"i‘%"r‘]’ to
be an oad¢m@rding®to thb@rdsemdnvgtion &ahatactefizedbK compriNinga fiaser @hagi poéfmg a
cylindrical, master to be neasured into a 20 . hole formed in the work
recei vi HCHBgHEI0 2 Ble frmed imp work Eeeiving membst »eylindrisalymastiiandniche cent er
of the : i . . J t he

i magi ngﬁ@%@ﬁ%%{ﬁ%ﬂ?ﬁﬂfg@ﬂ%%ﬁ@% ?gﬁe‘g@?ﬁ fg hgﬁé\%& Eﬁéﬂﬂiﬁg"rd{%ﬁ&ﬁ%" e work
recei vi ngthrespeetrtp i3 invizt dianmetsricentenistknewn cspotisg giofrot amwinnalpetipladry ngvatep of
determ ning a pesjtion of an inner dianeter nter of the work on the

i magi nga@F@ﬁreﬁftg%k@sM?W@ovcsh%waﬂﬁralgéheo?enéﬁﬁ of HifeioleyAadrutias ARSI of the
25 wor k heet; urfiRe ; ; BRAY e

cal cul af Pﬁ%h{:%égﬂgg%gﬁ? m ni hg&ggﬂh&;gﬁ?ﬁqp&ﬁ? gugﬁ‘h%dgk \)\%r K ac‘g‘%‘?%ﬁ%“ to the
posi t i omagding baald caleatiigastapt afrdeteemingng af imaging soaletforan impge prpjedteshemnthe and
the positian of the.ori.gin set on .the inmaging el nt. Accarding.to the

1 ol 3 baRe emeRcr S Bofndiin fTig® RiewB ihet faPaRR giepstohe s Btie

i nvent i @ebordifg t¢ SNERIYPe 0 Gh inhePHiafridfer p¥Hion GF kifedthastépPfojestedBA iR gt hout
rotating the work. 30 Specifically, a cylindrical master an inner dianeter
di mensi Sl¢mentaHNasteriinex diameter sentebpositancrlcalatiagistep o determininga pasition dnet er
center w.t. i i i : . i hs i into
2 hol e st it BRAGL: Sty bF tHR{cr S hlonfi M il MMy 1R sABPLRE
peri phetinhet diaateter poftiimtprojected bh ehehiadaging@lamgpcant origine sevensg step ofdetdrminiegt er

of the hole owing to 3 the centr%%etal action of, the air. Th‘gn, an

i meldi ng adoeitieRof fhe quies diametenrggier ghhe mpsenPr thedmaging|s, R peerdBgBorted in
the wor Kdafigion d?lgthg?lm{%n of € thnePBiahBRY b&erSFIhEmhAEr Hthk MASEnPERIRAL €d on
the imaging elenent s determned fromthe information on the khown inner
di amet eonadnimaging scadé, ant on wespasitioncd diredowier diametar ¢emtay avidfrespect tortke inderanet er

i f th . ' .ed he i i hen. iti
ot he. IR GenisErat hul B BEEe & uh et GRACER pSIeRHTT by ol PERn P pE "

det er m n@dgiag eRhtbinf)G WerktimagingB@P o instiidg iaryHndribabimiter ofemhéasurepimpact ed
on the imaging elenent. Then, a position of the outer diameter center of

t he2Orasthele lgrmehi thegrkhpeelv igdptmbes, sPevErg3inEamLhe Smar PRIIRISTY AV EE i on on
t he det i it L i an
g ng e GAnEA3te ) e hE ol Ghe RrE Ble KRE B4 uihe IRATRR Mol 1
respect td dmigdeean endsorfadecofeheworkesupportalf inttieworkstediving Ineentbet ;e workenngposi ti on
of the outer dianeter portiqgon, of the ymaster is set to be an Qrigin on the

i magi ng GanBHEenter pasitioncaloylating stepof defremining & POkl iaper dameieiiepky i nt o
aholefrtﬂ’ga,g' the: : VA oL Heaz o a=Ye ﬂo?t‘?o IS
supporte0 In ?%e%nctgﬁ%ﬁggélgg El?ﬁlghthdglegd%qﬁgﬁg%l%éﬁgéggﬁ?ri pet zg : act irigﬁrdg? air
bl omn f recorkiphajedtedhen theamiaging elemet;tand atvairk condeniFlvey icaleylating stepnnt is used

to i mage, an _end surface. of .1he ster..su rted.in the.work. recei vi.n
renber - dermD, SHeERBE2 g SR ateSraie RERERRTb of B % el BTt ¢ e
centri peyatk onthd Riagilg élbmelt| aadthd pRonlE thedi8iin B&onRheinyagig difigettol e.
Further, the outer dianeter center of the work coincides with the position

of the origi n Acsording torbe firs gsnegt ofi thersine meatvaing methskacepidingap thapreseibr

di aneter. center of the rk.on the..i i ng. el I 0 '

accor di Havqngoghthp ﬁ%’bcgng]f%ﬁﬁ o f ﬁ‘r?rfé’ ﬂn%c}ﬁg/ P g€ ‘Sg%eﬁ‘?nﬁg@ d&&‘oﬁt{gg‘\%g Eﬂgp‘?%jﬂéct ed on
t hesp magdgeeifRhByRlinddRANmaseNaeinhéd dbmdtePdintesionof hich iSknovihgnddef | ect i on
of the inner dianefer center with respect to the outer dianeter center, is

det er ni rehicle positipm gf itvoutprediagmeter eantas Avigorshrechbie itsrinpds aligmgter cegicn igmewn
center of .wor d it . Or | a] ety . ! i ement .
25 Far ¢ R B%s bOE (B Bt pgcaift iblrBes TniEt slifed B iy

neasur i ngriphédyadwadeadegdiengs the Holerogugsenthe nienin tha cérttercdfaliahasle bivirgrkoby
conprising a nmaster imaging step of inserting a cylindrical master an inner
di aneter di nension of which is known, into a hole forned in a work

recei ving nmenber, spouting air froman inner periphery toward a center of
the hole to support the master in the center of the hole, and using an

i mgi ng element to image 30 an end surface of the master supported in the

Y o o o o, . . I T




30 portion projected on the inmaging elenent. Then, the master is rotated in
a circunferential direction or is renoved fromthe work receiving nmenber
and then inserted into it again to nove the position of the inner dianeter
portion projected on the imaging el enent. Then, the inmaging device is used
to i mage the end surface of the naster3on which the position of the 5

i nner di aneter portion has been noved. Then, the position of the inner

di aneter center of the master on the inmaging element is determ ned

accor di tg ceptripptal srtiga oftheaie Thearandmagimgelemant is usad &t image apgad surfase of ect ed
on the jja8gi Iéﬁ% . i mﬂg [ e (P f inner di aneter
portion{ prolsgngtsS Onﬂtg%teﬂei”wn%rgirﬁcg e I(?rrlgrrlftbal{']s Tﬁg@eaélglgﬁ@ﬁﬁéﬁg(f)raﬁl%%eto

obt ai n projdowdadn thy impdgin@gtleheasis determiagd Gahathe infbfitatioaontth©@kn®#n inher | Nner

di aneter, center. Then, a position of the outer_ dianmeter center of the

mast er BIAMCHE dReRsiaNTahe masier acsordinedp fnimacalcay iansigliameterrortion af the

det gr m Hﬁgteptlﬂéjéaed%nghé' iﬂ%iﬁg el@{?e at e A RRiRADF HOAn& diddiGer &H%E‘ ofigmet er
center and the I maging scale. That is, the master has its outer dianmeter
cent er alasiayen thelichaging zldmene s detsminedncterdimgde thefimape ot thainnepdiaaieteact i on of
air. Even.on the i ,ng el enent heouter dianmeter center |s always

oG at edbaio PRIgat oA TBENE Grmient  oiedy & R TiEe QREUAEIE PRt ne
mast er e thab@onahd BnaghtCabMEmds HetePMEE] accBidiigdol ihforMhtidiOs the @B rfned he
inner dianeter center are determ ned, the position of the outer dianeter
cent er positioreof thadingydiemetes genteref themasier, oh an éagiyg sealee and on Hig ksownt s at
equal dist.ance.fromthe determne ositions.of the inner di ter center.
e os PRIBRT B ht Rt mie R REkr SRR O ifise Wbl REpeaf OBE b6 L he
center Qhe deteithigb&pHaesd Sxht BiiletigiameRe pPieidh tof eHRsmesktertifiset kdbein stignvher

center. Then, the thus determ ned position of the outer dianmeter center is
set to HEimseBgicimenen Th. o eulipdaisalmasteie bempasyred is ipsprigd itegdotthe above
obj ect, s@nlRiih e%&ﬁ%ce%gg‘géh%@r. MR QR4 Mhs PR LROG 0ACHS g{lﬂio?tgdthpthter&@%tgf gsent
invention Is characterized by conprising a nmaster | naging step of 20

i nserti tig, halaowing th theecehtipetad a¢tionaofwirbiowe freinvthe gnnee parépheryaofali¢ holdr i cal

mast er ich has two indices .formed on its e surface and.for whi.ch a

i <ancd B mah et HAFEED (RS &' LGRS e FIASpBPTEH BBt BPrEent er

W th resRenfing Rember. € Meke, MEwok it BEppoRted fifthe 26 RekstaEThole BRg BGhati I from an
i nner peri pherﬁ/wt_owar d a center of the hole to support the master in the
cent er @éntripesalastien ofpig blosymigom the imneyi negipbery o the hode.i fagdien theeqwdersur f ace of
the master supported.in the .25 wor ecei vi n nber: an ingding scale

ol cut TR RBREL 5k bR Eaifg i TR LB B R s On BB oot e on
the i nmagiengn€! ETHEA] a posdtidn bfcan inhadidhdt@eeater bhhe kitelvon ithd igdagindtomelit & ance
of the master according to, an irtrage of the indices Ehroj ected on_the inmaging
el etfent delgAmed 4PGordiBg 1q #yirades ot 8k et SR REFQN 96 d1c Werk Rspiestekor ter

di amet efngank Slonftht, ! MhRSBEnEi GhL WRAL 1Y, Al ABARLIGAGRERG: difmeter

i nformati n a position of one “of the indices on the 30 1 maging el enent,
on the icomtgr wigh sespéat to theduser dirmmetéraantef, indeterntingd aticondibtgao theddtemingd h
respect to .the.known index, and setting.the position of .the outer dianeter
por t i on PPYUIRR Osﬁleaweg OfmELErCRRT REYPTR A R ReRton o g %lslﬂa@h%éfl%%a&lraﬁ
insertiRgn@pey! i ndrical master to be nmeasured into a hole forned in the
wor k receiving nenber, spouting air fromthe inner periphery toward the 6

centser of t he Rugher, tomchiepp tretabokieohjestka secondhaspeetnfarsizgfmeadseridginethodnd usi ng

t he i magi ng,el nt to j.mge. an end surface of t.he work supported ip the
wor k T ec8r g Wi nbATEYion s flivacietize B sOmericide & sibief FBRS & ER Pt i ng
step of igRiaigd elitdridal PeStdr af nef didfheted ABherdich6TtwHictCie Ikn6Wn Oihtd figolwor kK on
t he im\i%i ng el ement according to an jinmage of an inner diameter portion of
t he 5 wdpPHngskigjaskark decsivipgBembal sSPRIAE aFdram an iMCRPHIIRIYIOWakha ¢antarof

cal cul atj 1N I1Cl . [ i t he
posi t1 oM OFIE ke yefim 7% SALel e GARESPLHEAS tnlihf HRLIMPGERER i

t he3posianiedd soifadeld thy m@dter shpporesd ih e workgetegviap arshibier; ahlimaging schlaspect of

t he size measuring nethod according to the present invention 1s different

f rom t hecaloulating si6p O determinkg an imaging 46ale oG IRRERBIOMRCES O g imegitde present

I nvent i Qi dGy fon] !E?Hntgﬂﬁadc{m tﬂ?kﬁ ﬁmﬁf‘ af?l%lteg Hﬂnéhgioh'b‘? tﬁerﬁgété}%c&gﬁ nt
are set using a cylindrical master I'C as two 1ndices on Its end sdrface
and for tefahdéhage ofi antinme didmdtovgontidriee the diastespoitdtedronah@dsagingeleméntt 4S out er
di aneter center with respect to at |east one of the indices are known. In
the third aspect, first, a cylindrical master which has two indices on its
end surface and for which a distance between the indices and a position of
its outer diameter center with respect to 15 at | east one of the indices
are known is inserted into a hole formed in a work receiving nenber. Air is

T e e Y b1 —_— o




Further, to achieve the above object, a fourth aspect of a size neasuring
nmet hod according to the present invention is characterized by conprising a
master imaging step of 30 inserting, into a hole formed in a work receiving
menber, a cylindrical nmaster which has two indices forned on its end
surface and for which a distance betweén the indices is known, spouting air
froman inner periphery toward a center of the hole to support the nmaster
in the center of the hole, and using an inmaging el ement to image an end

sur f aceM@ster maergdiameter centey popitipn sdclatinggempl deteradring  pgsitienbpithe inner i magi ng
scal e cgi j r.E N I i . for i.mge
ot of ect iR epil e makict 6 e ol cRhehREL 6 skl e 1R

i nt er - i dideetedipsttipngeojofted be tivriatagingabentsnti angorigin soxing@eeofdetdrhnihgdi ces
projected.on the inmaging el enment; a master |ndex position calculating step
of det ePHIHITHef the swglg fingsten Feniefedt Sire Magteron thaimegingpleprat acardinggodhe ment
accordi : J . i js o i ol

ori g n Lot 3A1c ARG doDF B DRG] EnP el FiakSRY e T Bhsall o
of the om#tedmagingtehemdntabiaingd bl eepeatingithe anadien dmagingstpp andithetnyaseek i@t a on
the position of the {ndex op fhe irrarﬁli&% g%errent é‘)bt ai n%d b%i repeating the
mast er PREGISHGEUETRPsIOR celeulating siep & T Bodmes, gRC 3eLiRg g PrFHYOR PEICa nunber
of timeguRp@atlRr F{mﬁh@&lbé 6RbAgindAAhS Rbdgitidelbhient! a YoBOMhdgiPsigf off he outer
diameter portion to be an origin on the 1 nmaging el enent; "a work inaging

st ep of inspgiag ajoyfndrieay Imasigr fockse mmgteérmm@hsgc fesmed ietheiwark recelvingmembered i n
the work recei vin nher.. spoutin L from inner. periphery t rd the
cortPor SYOFRE af g IR TR ps PR I huf e cohhbt AE nbE SoABRER Stk MM s ng
t he i magémer otitiesTidlE, dn@ usitiadiee ihg@ipcel Etiét 36 Endde anfead worfkceofrowbkd i n t he
wor k recei vi n&i menber; a work inner diameter center position 15 cal cul ating
step of SeRPoEEdimha JVosk Frssivingonemberaa Work mnediamater eender positiop calewatingr k on

t he i nagi ' ' i ' - ' of
the wor Eep bR ng AR oh Rl o HRAF Bkt hERSH: S BEERRLinE BebleR

cal cul atcaogdisg eparniimage bf amimrmendiamwtee pottion of the wdrkiphejested én dedmagingg to t he
posi tion of the inner dianeter cenl%er of V\? k on.the ima ing }el emen?s and

t het®pos FIEMSAS 3Rd & RO FORFERTICHY cifulatieg §ihRg ﬁiFé"rBP’é‘H%ﬁ?‘.‘ccé AR WYUK aspect
of the aicepdiip&SheipbdtioEbNAE it Alatichd cbtet SO HLIRIAS ichdVRIE1E@BNtiaRd the
different fromthe first aspect of the size neasuring nethod according to

t he pregpesition pltbaprign sehon hgtimagiag elemghhg scal e and origin on the i magi ng

o T 21 Ghe KRRV B BB S i R S 1

fourth agpectromfthe fitst agpetydfithelsiz€ Mleadiiia g @icthdd Bordafy th\ie presbn Bveibn ihs end
25 surface and_for which a distance between the indices is known is

i ns¥r t edhdt thegylindagad magterihg inper diapgster dimensien ofgvhighisdmown;is used te getihes hout ed
from an j; i r ﬁﬁg r e d ter
in the gkelgit?lgén tggﬁljgﬁégﬁ%%]lc}e@whg#\c,%an %atgfgncgbglfae%g}ﬁtf ﬁlltsg aadé’gg&{l%al Hrar‘gtggagn end
sur f ace imfer henetm slireenssanpgfortiieldisikmotvings imverkedrieea halefprmedirea wollheeneiviag

i magi ng scale for an inmage pr.ojected on the inmaging el engnt is determ ned

£ 1 om t R@OTPeFnf BhchaF rSPRACH OTKFoSR BrriERey fRUard Copich ehtsoleHa SHERSer
accor di g kst ini PGSR of ol A 1GRA, £ 1RiaBRERrht iRl PR aR LREENT

Then, the position of one of the indices onthe imaging elenment iIs

det®r mi sadacgod thadinasier supportddinglee wéorktrheeivingimeawepr ofheot adinmgingseale feramg

el enent .. Then .tp«a%ﬁter . S rotatted in_a ccij{;rcu ernﬁnt'ﬁ?l direction or is

r emoved "PPERPIFEE %A PGPt AR O he 1HiQEIAian Op KO, gai n to
nove  t heni@ Fidnefdr diMensidifof (Al nasier Ricoidesd ©hnGatd6f AnaférBafétenBtion dhen,
the inmaging device is used to inmage the end surface of the master on which
t he posith¢ Baserrojented ondheiauagingalepein e d positien of thednies diametar contehefe of

the i naideRedt e ighE e R kRt Th R REFRAY i BBt yulBiF ©

posid i Opdrin prbjcted dh CRSinagestéBeht ONThélE thefgitdids RitasE i a f@niferéadala
nunber of times to obtain a plurality of (at |east three) data on the
posi t i orflilgetigIner i rempayed ifiom tesvoririrogiving member agd then inprsted dnterit agalnet er

s dopty 5 e PHAH oftRe I felep oof FFterk o BETRELARRICARFE, [ 1RA 08, 20

t he i madimagingdaviee isaned teintagt thecendSusfaceosfithé master dn whichehd pamgiondmfehenent .
That is, the master has its outer dianeter center always held at a fixed
position because of the centripetal action of air. Even on the inaging

el enent, the outer diameter center is always |ocated at a fixed position.
On the other hand, the distance fromthe index to the outer dianmeter center
is invariable. Accordingly, once a plurality of positions of the index are
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BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a block diagram schematically
showi ng a configuration of a size nmeasuring device according to an
enbodiment; Fig. 2 is a block diagram schematically showi ng a configuration
of a work receiving 1o section and a feeding and collecting section; Fig. 3
is an explanatory drawing for a masterp Fig. 4 is an explanatory draw ng
for an origin setting method; Fig. 5 is an explanatory drawing for a work
size measuring nmethod; Fig. 6 is a block diagram schematically show ng a
conf i guinaer diameter pertionhes betnanevedr benm@smsnmg of ¢zt inner; digneger centes ofithier ont

sectional Vi howi co f accor to a

second §1 o{jgnn%l%t &a%‘“g efegi drg‘f%I al}egr?g?o&;vg\éﬁ)ﬁwrﬁ%fefoglme lﬁn?frqd “setti ng
met hod p&tion df g rhadte P&d&]eaeﬁ eithedinaging eledeenti g&thl%ﬂhne@(lﬁ)posﬁeﬂ offte) are
expl anatory draw ngs, for the origin setting nmethod according to the third

embodi mEWEE dlmnster m@m.og P&?je‘é%b%ﬂ‘&tlﬁlﬁ&ma rem%wfrmve@r@éwa%hegp tizas 40 ApgpiPret hod
di f
rmstor el oF b I initb th Bt e pSlibn ot fod indid BRI Srithos 0O TOT @

dr awi ngpdsitiorasf the bglendiamieter agmt@(edfhbdmstexomduhegnaging blermfentis dbteamninedi nment ;
Fig. 13 is dam eXJﬁ' anatory drawin master according to a fifth

ermbodi nisgferd Syternuned plur r?oPl‘_‘L‘?i‘ ify) ofdata Quihe aﬁ%ﬁleﬂ of the Aperdismetsy an
origin E&ftéﬂdﬁﬁ tRBnsh gga&ﬁfard*rﬁ& it Qnd B@scEr fdshes ﬁqg%’cegﬂafjaﬁ@%ﬂﬁda 5is

an explanatory drawmng for an origin setting net according t ifth
enbodi nefiked poﬂﬂoﬂb@amﬁmﬁfmwﬂﬂ@lﬁ(ﬁvmwemam cidrient, AIENT| ON

or cier - BHeEHBBEI NSRS AR B k8 BRPN BN R ol i e or i mg o

the preg@ientrioity df tHeMmaster is invariable. Accordingly, once a plurality of positions of the

inner diameter center are determined, the position of the outer diameter center on the imaging
element can be identified by determining points at equal distance from the determined
positions of the inner diameter center. The position of the outer diameter center can be

15 determined to be the center of a circle passing through the positions of the inner diameter
center. Then, the thus determined position of the outer diameter center is set to be an origin
on the imaging element.

Further, to achieve the above object, a third aspect of a size measuring method

according to the present invention is characterized by comprising a master imaging step of

20 inserting, into a hole formed in a work receiving member, a cylindrical master which has two
indices formed on its end surface and for which a distance between the indices and a position
of its outer diameter center with respect to at least one of the indices are known, spouting air
from an inner periphery toward a center of the hole to support the master in the center of the
hole, and using an imaging element to image an end surface of the master supported in the

25 work receiving member; an imaging scale calculating step of determining an imaging scale for
an image projected on the imaging element from the information on the known inter-index
distance of the master according to an image of the indices projected on the imaging element;
an origin setting step of determining a position of the outer diameter center of the master on
the imaging element according to information on a position of one of the indices on the

30  imaging element, on the imaging scale, and a position of an outer diameter center with respect
to the known index, and setting the position of the outer diameter portion to be an origin on the
imaging element; a work imaging step of inserting a cylindrical master to be measured into a

hole formed in the work receiving member, spouting air from the inner periphery toward the



Fig. 1 is a block diagram schematically show ng a configuration of a first

5 enbodi nent of a size neasuring device according to the present invention.
As shown in this drawing, a size neasuring device 10 according to the
present enbodi nent is mainly conposed of a work receiving section 12, an

i magi ng section 14, a measuring sectio@® 16, a work feeding and coll ecting
section 18, and a control section 20. As shown in Figs. 1 and 2, the work
receiving section 12 conprises a work holder 22 1 o used to hold a master M
or wor keendersd thastiade tespppert thepwerlidn dherdented opiis ihplepand tRing the ikagiog dlemef i s
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t he i nn&crhen fsimagingrelonsat apgd the pgsitian obhic ogginsset on tedwaging elsmethe | ower
end to center : lear . i Ny body
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channel dBreft fmnpthedestaaspich efitheistre mdasuringrmettiod accoiting torthe pyeserit phentiorof t he

fit-in hole 32.all over the circunference of the porous body .34.. An air
suplBly FR8LE 19A0E Sl tnsoriein SO MedaRne s iR SrepeLt 3 USRI ang

| eads t /hidhenaR'y6 indd&s ioRhBexd QhrfAd3anWPsrwiieh 8 @fstahde béWedh theSiAsYandHiace 42
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suppl i edvhiich 4 distafcd bedwpdl e ddddesahd 3 positons poitd @dertdiathéter ¢entee fwithaespebeoy of
the work holder 22 via the porous body 34. At this tine, the cqonpressed air
i s Spoufl§astopft He igiessaEe Eﬁ‘ﬂ?‘éﬂ isRIerth 819 2 fpleriREmgshin guOTs GeRPIvIRg mSmBer.
I'nner  peyit ﬁhﬁéﬂgpﬁ@ﬂtﬁ%‘m I inhgxep\,%flfﬁklgr\ﬁ%%ra ZAter oD BB H 's[ri‘}zﬁ(ﬁ‘d the elaks@Pirof

the conpressed air causes th I I hol der to be

inserted into the wo
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i nstall i : VO ; M. in the
wor k.ot TRPAR83t leferonf ofthd i HECsE fndtym, oRB BN hariChodiil udidxtan B 0 1o
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e end (einForRtgR ob i KSR S R eRsenr neT e et dRisrRinegRaSton st The
AF dri VigRDows diamétef PERbh $ER1t @ Bl ail oBRSHALNG cRAHHOr (not shown). Thus,
the AF lens unit 50 Is subjected to AF driving according to distance
measur enent i diugthemtd aghicyea therrbou¢ gbjaetce fausthtaspece nia sige ngasuriog mdtkodrast er M
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picks up an inmage of the end surface 20 of the master Mor work Wenlarged
by the Amdicesformed en gpendmvefare anghionahiohg distarcedwtwgnpltheindides isrkneami ng | i ght
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25 image of the end surface of the master Mor work Winmaged by the CCD
canera 54 and outputs the processed data to the arithnetic processing

devi ce 60. According to the inage-processed data, the arithmetic processing
device 60 determ nes the eccentricity of the work. A keyboard 62 is
connected to the arithnetic processing7device 60 as an input device. A
display 64 and a printer 66 are also connected to the arithnetic processing
device 60 as 30 output devices. Further, the arithnetic processing device
60 cont inported inethe Werk rrseivigowsinberhan insagingssalgrealsatatingistep @f determinifiganwor k

f eedi ng. ' ' h K h
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Figs. 1 and 2. The work feeding device 68 feeds works Wto he neasured to
t he wor Knagingjelement; 3 mastsy ingdex position ealgiating stspyof determpping,s pRSIAQILEE o1 devi ce
68 kS C : . . ) . f ' , and a
st ogper ﬁ%m@%e&{)tg?tuggélgé815%%9%%(@%(1? r(l)eagtfi g‘agét @ﬁ%l %gl dip gggﬂ%qté;)cgéyg‘gt o feed
sequent imhdiyg vlomkst; W bripmesdtting sepif defeamninnpod psitivarof thd outérldiathetercaptgpe 76.

The feed pe 76 is connected to the switchjng, deyice 72 to guide the work
e dogioi

i :

Wfed b§f ﬁlﬁém}ﬁéﬁrpg theigpgingzademeny apenrdiagitq g plusgity ey fata on the ppsitiogplitheer 78 i s
i nstall I ' : ' 7 . of 1lo
the. wor £ Oy el Gotahile yAEfeabng ciuc s gRS sl ppamaaater L of

t he wor kndéx Ippsitisn ngjcelating steple nurfibertof sinwanahnd the iplagingstale mdskiting gre pl at e 78A
into the f.eed pipe 76 .so that th hutter. pl ate. 78A bl.ocks up the feed pipe
76.18aporiton g R SpicE d@fsie Zprjgide B8 Ak bsthE inating yIRER, ol "7 6
t he wor lsteE\_b'f snski@fnl Ayl dridAe nfakdi fotfe mdRtRd 16 adidtt formetinate Wodlepéistigng t o
the switching device 72. Wien the shutter plate 78A is retreated fromthe

feed pi PRETHBT, spOinERIffeR thy inapr periphery tpward the,eeateyiof thedhols i9esupport thsen t he

shutter plate ' | agt ' : ' [ | ocks
ip-the PREE ML MhORGE G dsiiednd ast BEeRbRT Hngd dn FATHEISIING, ©
shut t er woBk b§ppoagd irfthe widile reteiviriganémbérah Wiorginnef dihietemednter\posisiosoon as t he
wor k W has been | ocked by the shutter 78. Specifically, although works W
must be CRISHHRE $taR OhERIRIEBING @rPosibiog o alhinngh, ?“Wéﬁenc‘ﬂé’fé%‘f’?fg‘ro €is
opened, j@ldink BRmeRr MRoKEnMol 4 iffaBe Bﬁﬁfjinﬂér&ﬁa:ﬁ@te?&tif)ﬁdf ihe vidre pMcked il der
22. To regulate this, the stopper 80 is provided. A cylinder E)not shown) is
used t o thy inaging demerspangra werkinoncercitf calquating sigpef dg@rmining qonecrigeity ¢fi pe
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element and the position of the origin set on the imaging element.

20 The fourth aspect of the size measuring method according to the present invention is
different from the first aspect of the size measuring method according to the present invention
in that the imaging scale and origin on the imaging element are set using a cylindrical master
which has two indices on its end surface and for which a distance between the indices is
known. In the fourth aspect, first, a cylindrical master which has two indices on its end

25 surface and for which a distance between the indices is known is inserted into a hole formed in
a work receiving member.  Air is then spouted from an inner periphery toward a center of the
hole to support the master in the center of the hole. Then, an imaging element is used to
image an end surface of the master supported in the work receiving member. Then, an
imaging scale for an image projected on the imaging element is determined from the

30 information on the known inter-index distance of the master according to an image of the
indices projected on the imaging element. Then, the position of one of the indices on the

imaging element is determined according to an image of the indices projected on the imaging

element. Then, the master is rotated in a circumferential direction or is removed from the



Wth the work feeding device 68 configured as descri bed above, when the
parts 25 feeder 74 feeds the work Wto the feed pipe 76 while the shutter
78 is closed, the work Wis blocked by the shutter 78 and stopped from
being fed to the switching device 72. In this state, when the stopper 80 is
activated, it fixes the work Wfollow Bg the | eading work Wbl ocked by the
shutter 78. After the stopper 80 has fixed the work W the shutter 78 is
opened to feed only the | eading work to the switching device 72 through the
shut t er WoEk repgiviag neveberend than 3eserted inte i agdia do move thetnesitions gBthe énditessed and
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wor k col l ecting device 70 collects neasured works Wfromthe work hol der 22
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i
I nsi de e collection pipe 82 via the suction pipe 9 r sucki ng
devi ce plrality kBdaa on theqositiogiod ¢hetihdexcanld| tbe imagngsicple, SR is setdoakan beginonk W

housed i.n .t he. wor k hol r 22.. via the switchi.ng device 72. The, wor S
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a mesh pgsititisbethhRbf e dchbipeti] AQEdn i € ENVEE 6n tHRGmapiak ieRiinddt,iRe Sideand t he
collection pipe 82. The inflow preventing plate 92A gr events the work W
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connected to the gate 86 to direct works, Wto respective destinatigns

acddr di A leeoldpwéf}q%éy&thm&@%tﬁaéﬁﬁvﬂl distagce from Gedeiminaeindicesur Thiy
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20 Preferably, the aspects of the size measuring method according to the present
invention include a work inner diameter dimension calculating step of determining the inner
diameter dimension of the work according to an image of the inner diameter portion of the
work projected on the imaging element.

Further, preferably, the aspects of the size measuring method according to the present

25 invention include a mater backpressure/flow rate measuring step of measuring a backpressure
or flow rate of air spouted from the inner periphery of the hole in the work receiving member
when the master is inserted, a work backpressure/flow rate measuring step of measuring a
backpressure or flow rate of air spouted from the inner periphery of the hole in the work
receiving member when the work is inserted, and a work outer diameter dimension calculating

30 step of determining an outer diameter of the work according to the backpressure or flow rate
of air spouted from the inner periphery of the hole in the work receiving member when the
master is inserted, the backpressure or flow rate of air spouted from the inner periphery of the

hole in the work receiving member when the work is inserted, and the known outer diameter



stocker 90B, respectively, by using a turn driving neans (not shown) to
turn a turning pipe 94B provided at the tip of a conduit 94A 25 According
to the work collecting device 70 configured as descri bed above, when the
air sucking device 84 is driven while the gate 86 is closed, a work Wfrom
the work holder 22 is sucked into the &ollection pipe 82 through the

swi tching device 72. The sucked work Wis guided to the gate 86 through the
collection pipe 82. On the result of neasurenment of the collected work W

t he di r Enangign@éthedsast. directs the tip of the turning pipe 94B to the OK

30 stoc ALt Ik . t hand,. the directing
devi ce 98 di r‘§§§0§8%§ 9 Fhﬁ %?Sepﬁ’é‘b‘fdﬁi?’r‘%ﬂ% Oﬁz’ﬁgﬂgk‘f%‘ggiﬁeh‘g“%é E‘ngé‘ﬁee‘{w@g"s i f

t he wor theiveorkiis beligsuppaftedr THecoutdtdidmdgers palidel hatszie®o printiprbf wHiisgat e
86 is opened to guide the work Wto the turning pipe 94B. The work Wis

t hen cof3lisdrpadairmiciometst” st baudehequer drameter inmeasusdwhilohp work isbemge

swi tchi pgqdevi ce 72 sel ectively connects the work holder 22 to the feed

pi pé 76 and to the collection pipe 82. The switching device 72 conprises a
slide block 94 as shown in Fig. 2. The slide block 94 is provided so as to
sl i de f BREEF DESCRIFTION QBHPHEUDRAMINGSS t he wor k hol der 22. The slide bl ock
94 is driven by drivjin ans (not shown) to reciprocate petween a "feed
post &1 on  andPie Sitd ok Aot AemaReatshev g conReeRohal b Rer gy e
With a geaed ¥ecBRESP@anMntatinénicol | ection passage 98. The supply passage 96
and col | ection passage 98 are connected to the feed pipe 76 of the work

f eedi ng devi cEigs8 immblork diageane sthematicadly shpwinggpconfigutationof & work teeeivingg

devi ce 70,. respectively. . A ing.to the switching device 72 configured as
desCri bg%lgg%{;@ﬁ%ﬁ%ﬂ,g %'Igecoglgclqglg Sﬁ%ooélk 94 is placed at the "feed position”,
the inner per Fhehyaméxpliiatorp dlawing fien Matand the feed passage 96

communi cate with each other. Then, the work feeding device 68 can feed the
work Wto theFigoftis ﬁ‘b?’ﬂ’é@na?zyd@’i"‘%@’%ﬂﬁ@ﬁ‘%&ﬁ&gfﬂ%@ﬂ;t he slide block 94 is

| aced at theg!callgcti ' ' f th k hol d
p! aced a eEL3lid Er?éyggihgggz'dgdéﬂfg%fortahﬁod(@%rmé%ﬁﬁx‘gggﬁétgo e work nol der

22 and the co fectl on mruni cate w t ther. Then, the
wor k W from t Fig. s & block deagrdd? schemahiealtyshowirgect¢ondigiiratiph ef awowercdibinetet i ng
devi ce 70. The work Wor master Mis held so as to maintain a gap of 20 um
to B0 ufMBHWESHel f and the inner periphery of the work hol der 22.

Further, the wy k ¥ GonfRetiSiial MeRashoding E&HTigliA0R 08 A woirk h81HED acBordingfot 0 1
mm whi ch does hot inconveni ence an air sucking operation during wor

col | ect iagpcondembiedimensd pipe 96 is formed with a vent 96A of a small

G ameter 4 2 5, ORGSR Bad 0l i) Sk RS ScSFSLERET 11

i ndi vi dealbodendnges constituting the size neasuring device 10 according to
control signals fromthe arithnmetic processing devjce 60. Now, description

wi 170 be gi ven s AanAW) arG AchpaSstPiapyoRy GWHES erdheerigia gethpe methois i ze
measur i ’lgcd?&"ﬁ%f%@th]e%i?&’%l)%%%;as described previously as well as a
ple.

measur enment princi
Fig. 10 is an explanatory drawing for the origin setting method according to the third

embodiment;
Fig. 11 is an explanatory drawing for a master according to a fourth embodiment;
25 Fig. 12 is an explanatory drawing for an origin setting method according to the fourth
embodiment;
Fig. 13 is an explanatory drawing for a master according to a fifth embodiment;
Figs. 14(a), 14(b), and 14(c) are explanatory drawings for an origin setting method
according to the fifth embodiment; and
30 Fig. 15 is an explanatory drawing for an origin setting method according to the fifth

embodiment.



First, initial settings are nmade. First, the work feeding device 68 is used
to feed a master Mto the work holder 22. The master M supplied to the work
hol der 22 falls owing to its own weight. The tip of the master Mis | ocked
on the stopper plate 30. After the master 30 M has been fed, the air supply
device 42 is driven to supply conpress¥ld air to the air supply passage 38
of the work holder 22. The supplied conpressed air is spouted fromthe

The. por SHE TRRSEIRED AVBORIVIAY B FaR GRRRIANGUPLS THE INVERGHOM | n the | nner
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direction of a y axis for the set x-y coordinates is provided on the end

surface of thésshewein Rigs.diand 2, theoverkirgcefying sqckien fl @ eginprsasfa work heldsr 82 M
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mast er umnation light. Further, the control section 20 outputs a
drive siadowér end stitfaceAst thie workriwplderi22 t6 reventshbjnserted: wark AV frammfalling. t HB@ t o AF

driving. Specifically, t AF Jens uynit 50 is,subjected.to AF, drjVvi ng so as
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In this case, as shown in Fig. 4, a rectangular area A containing an inner

di anet epla®d@ aaghis thusfpreveatasetare fallg.s proj ected on the CCD of the CCD

canmera 54. The, |.1RQ } i i i
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holder 22. An air supply device 42 is connected to the air supply passage 38 via an air

25 supply line 40. The air supply device 42 supplies compressed air. The compressed air
supplied by the air supply device 42 is supplied to the air supply channel 36 via the air supply
line 40 and the air supply passage 38. The compressed air supplied to the air supply channel
36 is spouted to the inner periphery of the work holder 22 via the porous body 34. At this
time, the compressed air is spouted from the entire inner periphery of the porous body 34 to

30 inner peripheral center of the work holder 22.  The centripetal action of the compressed air
causes the work W inserted into the work holder to be held in the inner peripheral center of the
work holder 22.

A recess 44 is formed in the lower end surface of the work holder 22 down to a



Furthernore, as shown in Fig. 4, the imge processing device 58 executes

i mage processing to determine the direction of the y axis for the x-y
coordi nates set on the end surface of the master M fromthe position of
the mark () projected on the CCD and 16 indicating the direction of the
y axis. The image processing device 58llal so executes inmage processing to
determ ne the direction (passing through the position IMof the inner

di ameter center of the master M and extending Berpendi cular to the y axis)
of an xp@determingddentk. pdgredetsamingdgap thds fosmed befvgemthereessndeandthet he
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executes i mage processing to determ ne the position of the outer dianeter
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(t he posiotk Bhheld in the wark déolddt 22retHre iomgingrsecidnvii4t ik compgred tof w AtFlend umier

di aneter_center IM. Specifically, the x-y.coordinates_are set using the
out er disg’f?é‘téfd5¥wgé‘|mtl 6?%@%@5@“@%@%@%\%&?@ center (0, 0), and
the coordi natthLLRAY&H ugvg@is inlle®@ht 4 HedQbinSiheAHRARL L6 MW ofModer DS

master Mon the x-y coordinates is known. Thus, the I nage processing device
58 execheber] tagdF [ebs pnio 5@ ssnstglledopgpesiterthe amd surface ofthe ivauk &Y ot mestatMer

di anet e ent er of t st er, on e usi ng.t he determ ned x-y
ool naplBan HiF ¥k TeKsT df BB CBHER AGRES el (R3S R RS FHiseoRHa M fal

di anet eky@RRLgEthedholk W J¥asdsRl Mhélatif thdiwisd hblet PBJe processing, the known
size data (the position of the outer diameter center OMw th respect to the

i nner di anet edhe Aft drivingpnit dhspbiesss thaddi lgas wrbIQtoAF drEing t¢ facus pgdhe
pr ocessi Vi t - i e t di
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center ChMnpfisdshalistardcaneabhiing seasal (ast showay.i dgilus@h¢ AF 18ns unit®o issubjeeted to
settings are thus conpleted. Once the initial settings are C@:?' et%d, t he
wor ¥ colﬁFe‘é‘i‘Ylﬂ%aQﬁQVilﬁ%t stagee fagafureReabinfrEatipp gn anag e ths A SRrges: k
hol der 22 Th&Rr MQPRAMALW Ve neasurenents are sequentially made using the
master Mas a reference. 25 First, the control section 20 outputs a drive
signal to theThedCD esuém§4desuppert@Bvia thef trackes 281 tathestrot 2Gextensiing hol der

22. Specifical he shytt 781s 0 d to feed Wto be neasured
to the ivﬁﬁiﬁPﬁl}SB”T“pth%sVe 'tﬁréle\ﬁg:rll?“%'éfﬁgg‘f 152%8}?@%9*%%‘3 A% tinme, the
slide blekrddklpfthd OEDS BbitaiRbdth tHe GOIR catterh S4 piclaap Aliniage of e dngesifddeon.

Accor di n% the feed pi ﬁ@ 76 of the work feeding device 68 is connected to
t heZbor 1€ Tk

ly, .
Hsi mesterM or 39 eqlgierd by &isopF i vt SPhe work hol der 22 fromthe

shutter 78 fal -ﬁw]ﬂ - i : . ' r i ked
on the stopper’Il h%Ila e ggﬁé) %IE g6r %gg\@\})r Bwrﬁgggh%gd;trl\lg g%gﬁgaf\?goglthlé/dslisbépr)%
devi ce 42 wosk & hsldnin the werkploldec 22pr essed air to the air supply passage 38

of the work hol der 22, The,sugbp! i ed conpressed, air is spouted fromth
entire inner Themesswringssegon Lo Isipaiply semPRsRef|an dWAELProgsssing deyise R3 ARY der

22 via the nohAiSprBO¥ing 4evild66.  The image processing device 58 processes data on the
25 image of the end surface of the master M or work W imaged by the CCD camera 54 and

outputs the processed data to the arithmetic processing device 60. According to the
image-processed data, the arithmetic processing device 60 determines the eccentricity of the
work. A keyboard 62 is connected to the arithmetic processing device 60 as an input device.
A display 64 and a printer 66 are also connected to the arithmetic processing device 60 as
30 output devices. Further, the arithmetic processing device 60 contains a memory (not shown)
that stores predetermined data.
The work feeding and collecting section 18 feeds and collects the work W.  The

work feeding and collecting section 18 is composed of a work feeding section 68, a work



centripetal action holds the work Win the inner peripheral center of the

wor k hol der 22. Since the centripetal action of the air holds the work Win

the work holder 22, the work Whas its outer dianeter center Ow placed at

the sane position as that of the outer dianmeter center OM of the master M

That is, the work Wheld by the work hb der 22 always has its outer

di aneter center ONcoincide with the outer dianmeter center OM of the master

M Then, as shown in Fig. 5, the CCD canmera 54 images the end surface of

t he wor goligcHeg @Fcéﬂnﬁﬂ,ea“%ﬁwtchmgéé\‘w?ﬁ agghoowmdindigs: & aéh2i mage of an i nner

di aneter porti . | h nera 54,
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work Waon the X-Y coordinates (nmeasurenent coordinates). In this case, as
descri bE§d RS, ashuterdBiand/a tonpst 80 n the center of the work hol der 22,
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di amet ehowsedirea stobkepf(ndtiskown)s teethe Féedipes7Get at the origin O (0, 0) on the
X-Y coordi nat asur nt coordinates),. the eccentri,city w of the work
W i.e., the %ﬁ‘? %egﬁé’m?e%g‘gf%ﬁwfiﬁ%ﬂicﬁWé%thglﬁW%?E&gﬂlé? ttt’fi\ﬂf(%ilf‘ngvlfffﬂ'-)byout er
di anet eEhegf‘aﬁTs?éedEW4,Q@&e@%ﬂ@ﬁﬁ@&l&i@@ﬁz.by finding the distance

(=(XIZ+Yr2)ii2) between the orrgin O and the determ ned inner dianeter
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origin @ingAe§linded endtisESwRf to pheect@idshittbSpiae MBAGhR tie FRa pifecTh so tha theasur ed
size data, i.e., eccentricity w of the k I s di splayed on the

t he wor k W
di spl ay sig4tes platea] &b blocknpthe dead mige The Tat i whestheshuties plate 287 ipprojegiedher |
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signals t evi ce col l'ecting device
wor kW itsthelssvitshihg @dviaa @2.c oWben ttecshiinert e G8A liertreatgd ftoorthe feedPipecttt ng

to the size_ data.on the wor S ifically, first, t slide block 94 of
{ clSt; SRk St ealy bats g e e & ¥ he) e shitlsh Dlat A BrproiEciSd PR ene
col | ect Qi mmg&%lﬁﬁﬁgmshﬁlﬂgfep@ﬁiipehgraﬁdgéalstihe wor k hol der 22 to 3o

communi cate with each ot er . Then, the air suction device 84 is d_riven to
suck the wor k T stoppert89ds imstakict ebakerth@shuttar B tpregiiatedlad meverment (falinghge 98

of L1 T HanY ol BB S BB LSR BB s 0 oSl g o
the resuwdrks W miBas e it svod hdlie 23me bonkf whétttheehltteYV78 $s dgéned, Al the
20 works M in the feed pipe 76 are fed to the work holder 22. To regulate this, the stopper 80 is
provided. A cylinder (not shown) is used to project a stopper member 80A of the stopper 80
into the feed pipe 76. Thus, the stopper member 80A presses and fixes the work W against
and to the inner wall surface of the feed pipe 76.
With the work feeding device 68 configured as described above, when the parts
25 feeder 74 feeds the work W to the feed pipe 76 while the shutter 78 is closed, the work W is
blocked by the shutter 78 and stopped from being fed to the switching device 72. In this state,
when the stopper 80 is activated, it fixes the work W following the leading work W blocked
by the shutter 78.  After the stopper 80 has fixed the work W, the shutter 78 is opened to feed
only the leading work to the switching device 72 through the shutter 78.  After the work W
30 has been fed, the shutter 78 is closed and the fixation by the stopper 80 is cleared to feed the
work W to the shutter 78. Then, the stopper 80 fixes the work following the leading work W.
The work feeding device 68 then stands by until the next feeding operation.

The work collecting device 70 collects measured works W from the work holder 22



18 tip of the turning pipe 94B is directed to the OK stocker 90A. On the
other hand, if the work Wis NG the tip of the turning pipe 94B is
directed to the NG stocker 90B. After the turning pipe 94B has been turned,
the gate 86 is opened to guide the work Wto the turning pipe 94B to
collect the work Win the OK stocker 9BA or the NG stocker 90B. Once the
work Wis collected in the collecting stocker 90, a drive signal is
outputted to the switching device 72 again. The slide block 94 of the

swi t chi #ifl dessifies them insaceprslangeowyisl thegesulfs of tedngssatiemenh tAs shpwain Fige2f eed
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Thus, accordi ng tQ the size _neasuring device 10 gf .the present enbadi nent,
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wor k W Ther eThe air stdkingldewicee84danonmevted o e wpllectian ¢hipediPoeat the @afei &uvian i on.
Further, since it is uynnegcessary to rqtate or ve the work t 15 work
W can baueR inect? ta3urh o S prils eicpecion s SoViE the et Ghpes 991 oThedth s

the wor k, i ARNicd R4l il HORoMANi@SThe TBIIRRION F&Béraszqe WM th wokl' WQHska W i s not
worn over time and can al ways be neasured stably accurately. Further, even
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axi s f oMot Rasyingdroagh thesellegion pipe §-fremdpeingmpigiakenly spqksd ipgQ thersuggionrhe

met hod fp%re jpdentifying the direction of the y axis is not limted to this
aspect. ifferent mark or the like may be used for the identification. 25
Now, descri pt The gatel86 ibformed enbofrecdy spaned dné nlosell. ndie gafe 86 Hods thewstk i ng

devi ce cor di to t resent,.inyention. e size asuring deypce 10
aoch ai 15 cobisiby fe solfechBb Aol e L F Y SEBVE HROGEECURE 5: he
eccentricity qheufScoMp devidé sBIRVEIREeted 1H0NE g;@ 8BRE ibdt REDrEEW! BeegpeEedi Ng to
t he present enbodi ment” nmeasures the inner dianeter dinmension d out er

di anet edegmnatipnsacsordingDothearssuliscd enasurements cyrigd outlzy the meawringrectignz k.
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schematically show ng a configuration, of e outer diapeter 9 suring
secdl on Theovorks Whagaus rﬁh‘flﬂ?iarﬂjr ¢igd in %(t)glff%ﬁ%‘# %@‘E‘g;“ ﬁga?g&&‘%g&@ect i on
100 uti ligesive _,opfﬂe'lﬁil‘?!tﬁégfocﬁ&@.r mcroneter to measure the outer

di ameter di nensiton DWoft the work W Conpressed air supplied by the air

suppl y devi ce Th2 dirsctingpjeivice @ 8tdiretts ¢hanworks Mo kajde QR stocker §0Asmd|the BG 102 and

an A/ E converter 104.. The requl ator 102 sets the pressure of the §
c onpr os Sttken 05 axsgesiig by BB A S eSS (T SOOI LN AP EAIPGe. The

AB convey&irovidéd at the tip of a conduit 94A.

25 According to the work collecting device 70 configured as described above, when the

air sucking device 84 is driven while the gate 86 is closed, a work W from the work holder 22
is sucked into the collection pipe 82 through the switching device 72. The sucked work W is
guided to the gate 86 through the collection pipe 82. On the result of measurement of the
collected work W, the directing device 98 directs the tip of the turning pipe 94B to the OK

30 stocker 90A if the work is OK. On the other hand, the directing device 98 directs he tip of
the turning pipe 94B to the NG stocker 90B if the work is NG. Then, after the turning pipe
94B has been turned, the gate 86 is opened to guide the work W to the turning pipe 94B. The
work W is then collected in the OK stocker 90A or the NG stocker 90B.



uses its built-in bellows and differential transforner to convert a change
I n the backpressure of the conpressed air spouted fromthe inner periphery
of the work holder 22 into an electric signal. The A/E converter 104 then
outputs this electric signal to the arithnetic processing device 60.
According to this electric signal, theldrithmetic processing device 60

cal cul ates 1o the outer dianeter dlnen5|on of the work W In this case, as
shown in Fig. 6, a nozzle menber 106 is arranged _in the inner periphery of

the work hol dBhe owitchirgiayigey % sslecheely cornents taarierk hakdar 22/60 efeed pipe The
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the nozghies il Bi ge%@%fthe wo&ruéu@ctﬂﬂg%bfcegm &swcava?d in the A/E converter
104. As descri béd above, the outer di ameter di mnension DWof the work Wis

measur gd acc oAdcorglngdo wecﬂwat@gmgl devich &2 isanfigured aadescriticdtabeve; ovhen dsdide ai r
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portion w of the work Wprojected on the CCD of the CCD camera 54 and the

i magi ngthscuerk W to fgsvvorlidolder g2i oAn g CPth?TélaQﬂ’\}‘@P"d’f‘e glidgdpcksi4,is plased a i ng
method gecdhesioRbolifle S'tﬁeemﬂgfps%ﬁ[y)h&g @@r&&k%l&ebﬁz ¢ ARdoRERRLpIRALe

configured as revi Initiral settings a
First, QBeomdnldaeeemthaauenhere BBern, theusartt Wdrdnede veorkhsider 2M:ambet he wor k
hol der 22 After the ma has heen fed, the air supply device 42 is

driVen collestssinhe Rk co %‘b“ ¥1€d% he air supply passage 38 of the work

hol der 22. Therng Rk Weer MAstR 1SS BEld3b fas tosmﬁlﬂﬁi‘ﬂﬂ £¢ag 6020 Mﬂ% SO Linl Betiveder
peri phery to inner peripheral center of 0 the work holder 22 via the

nozzl es its€18and (e inner peripliesy efthe moplehelderadX. | on holds the master Min the
e P LR eSS R0 o D ARGH ) Ml g
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20 The feed pipe 96 is formed with a vent 96A of a small diameter via which
compressed air supplied to the inner periphery of the work holder 22 is partly exhausted.
The control section 20 controls the individual devices constituting the size measuring
device 10 according to control signals from the arithmetic processing device 60.
Now, description will be given of a work size measuring procedure executed by the
25 size measuring device 10 configured as described previously as well as a measurement
principle.
First, initial settings are made. First, the work feeding device 68 is used to feed a
master M to the work holder 22. The master M supplied to the work holder 22 falls owing to
its own weight. The tip of the master M is locked on the stopper plate 30.  After the master
30 M has been fed, the air supply device 42 is driven to supply compressed air to the air supply
passage 38 of the work holder 22. The supplied compressed air is spouted from the entire
inner periphery to inner peripheral center of the work holder 22 via the porous body 34. This

centripetal action holds the master M in the inner peripheral center of the work holder 22.



position of the outer dianeter center OMwi th respect to the inner dianeter
center | M have already been neasured. Sinultaneously with the feeding of
the master M the operator inputs the known size data DM dM and | M ~x,
Dy) on the master fromthe keyboard 62. The inputted size data is stored in
the menory contained in the arithmeticldrocessing device 60. 10 Wen the
predeterm ned size data is inputted, predeterm ned neasurenents are
executed on the naster M Specifically, first, the control section 20
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AF lens unit 50 to AF driving. Specifically, the AF lens unit 50 is subjected to AF driving so
as to focus on the end surface of the master M held in the work holder 22. Then, the CCD
20 camera 54 images the focused end surface of the master M.

In this case, as shown in Fig. 4, a rectangular area A containing an inner diameter
portion m of the master M is projected on the CCD of the CCD camera 54. The image
processing device 58 executes image processing to determine an imaging scale Z for the image
projected on the CCD according to an image of the inner diameter portion m of the master M

25 projected on the CCD of the CCD camera 54 and the known inner diameter dimension dy of
the master M. The determined imaging scale Z is stored in the memory contained in the
arithmetic processing device 60 as a constant.

Further, the image processing device 58 executes image processing to determine the
position I of the inner diameter center of the master M on the CCD according to the image of

30 the inner diameter portion m of the master M projected on the CCD.
Furthermore, as shown in Fig. 4, the image processing device 58 executes image

processing to determine the direction of the y axis for the x-y coordinates set on the end

surface of the master M, from the position of the mark ('¥) projected on the CCD and



smal l er dianeter is fed to the work holder 22. The air supply device 42 is
then driven, and the A/E converter 104 detects the change in backpressure.
Then, in place of the master ML of the smaller dianeter, the naster Mz of a
| arger dianmeter is fed to the work hol der 22. The air supply device 42 is
then driven, and the A/E converter 104l€etects the change in backpressure.
The changes in backpressure in the nasters ML and MZ detected by the A/E
converter 104 are outputted to the arithnetic processing device 60 as
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weight. The tip of the work W is locked on the stopper plate 30.  After the work W has

been fed, the air supply device 42 is driven to supply compressed air to the air supply passage

38 of the work holder 22, The supplied compressed air is spouted from the entire inner



Further, when the neasurenents are finished, the control section 20 outputs
drive signals to the switching device 72 and the work col |l ecting device 70.
The work Wis classified and collected in the collecting stocker 90
according to the size data on the work W 20 Once the work Wis collected
in the collecting stocker 90, a drive Bignal is outputted to the switching
device 72 again to reconnect the work holder 22 to a different source.

Then, the work feeding device 68 feeds a new work Wto the work hol der 22.
The newpsatphRritoiigner iperipksraticentet 9f the ook boldeni2? Gakhegurews.bod34, This si ze

measuring.deyi.ce.accqrdjng t he  present .enbodi nent. enabl.e he .25
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as in the case w e present e r, 1t the e nmenber
106 i s weddW piogectadrdnehe €CInofzthe €CTI EBnérs Shahe imagetprocessing device J8 | east

th | es. 108 have only .to he formed. Further, .jn,the present
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peri phery of the work hol der 22. However, the outer dianeter dinension of

t he wo (rj k W mainhlhéﬁ qase o dewgribed ahavecthi mprie W isietsein the egngerfof ghe Werkdolder i r
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I mgi ng scale and the ori gi n of the neasurenment coordi nate system are set
usiig t M issgsatehe pigiRGO (hRRpn et eqordinalies, AneAsuLgcat coordinates), the

eccentricity w of the work W, i.e., the difference between the inner diameter center Iw and the
outer diameter center Ow, can be determined by finding the distance =X+ YD) between
the origin O and the determined inner diameter center Iw.

The image processing device 58 calculates the eccentricity w according to the

20 determined coordinate position (Xj, Yy) of the inner diameter center Iy of the work W and the
coordinate position (0, 0) of the origin O.

Thus, the size of the work W is completely measured. The measured size data, i.e.,
the eccentricity w of the work W, is displayed on the display 64 and also printed out by the
printer 66 as required.

25 Further, when the measurements are finished, the control section 20 outputs drive
signals to the switching device 72 and the work collecting device 70. The work W is
classified and collected in the collecting stocker 90 according to the size data on the work W.
Specifically, first, the slide block 94 of the switching device 72 is moved to the collection
position to allow the collection passage 98 and the inner periphery of the work holder 22 to

30 communicate with each other. Then, the air suction device 84 is driven to suck the work W
from the work holder 22 through the collection passage 98 of the slide block 94 into the
collection pipe 82. The work W is then guided to the gate 86. Then, the directing device 88

is driven according to the results of measurements of the work W. If the work W is OK, the



which is known and for which the position of the outer dianeter center OM
wth respect to the inner dianeter dinension IMis known. However, in the
present enbodi nent, as shown in 15 Fig. 8, the imaging scale and the origin
of the nmeasurenent coordinate systemare set using the naster Mthe inner
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25 Now, description will be given of a second embodiment of a size measuring device
according to the present invention.

The size measuring device 10 according to the first embodiment, described above,
measures only the eccentricity of the work W. However, the size measuring device according
to the present embodiment measures the inner diameter dimension dw, outer diameter

30 dimension Dy, and eccentricity w of the work W. The size measuring device according to
the second embodiment is composed of the size measuring device according to the first
embodiment to which an outer diameter measuring section 100 is added.

Fig. 6 is a block diagram schematically showing a configuration of the outer diameter



i nner dianeter portion mshifted. The i mage processi ng device 58 executes

i mage processing to determne the position IM of the inner dianeter center
of the master Mon the CCD according to the inage of the inner dianeter
portion mof the master M projected on the CCD. The inage processing device
58 then stores the determ ned position9M in the menory. 25 After the
second neasurenent of the position | MZ of the inner dianeter center, the
master Mis renmoved fromthe work hol der 22 again and then fed back into
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according to a change in the backpressure of the compressed air spouted from the inner

periphery of the work holder 22.

25 On the other hand, the image processing device 58 determines the inner diameter
dimension dw of the work according to an image of the inner diameter portion w of the work
W projected on the CCD of the CCD camera 54 and the imaging scale Z.

Now, description will be given of a work size measuring method executed by the size

measuring device of the second embodiment configured as described previously.

30 First, initial settings are made. First, the work feeding device 68 is used to feed a
master M to the work holder 22.  After the master M has been fed, the air supply device 42 is
driven to supply compressed air to the air supply passage 38 of the work holder 22. The

supplied compressed air is spouted from the entire inner periphery to inner peripheral center of



25 then finding the center of the circle S. However, if the eccentricity
cuM of the master Mis known, the position of the outer dianeter dinension
OM may be determ ned as described bel ow, using the known eccentricity coM
Specifically, as shown in Fig. 10, the outer diameter center OMis | ocated
at a distance cuM (eccentricity) from28ach of the inner dianeter centers
MO IMZ, and I MB. Accordingly, the position of the outer dianeter center
OMis determined by 30 finding circles S1, Sz, and S3 of a radius c.~
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The master Mis housed in the inner periphery of the work holder 22 with
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t hd5i ndaxtofopus ashe prbsprfage obtheimagtex M helddn thererkdoldst 3 t Heen, Ag&GCIP as a
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I nputted size data is 25 stored in the nenory contained in the arithnetic
pr @dessiatg (toei diame®r dimension dy) on the master M. The determined imaging scale Z is

stored in the memory contained in the arithmetic processing device 60 as a constant.

Further, the image processing device 58 executes image processing to determine the
position Iy of the inner diameter center of the master M on the CCD according to the image of
the inner diameter portion m of the master M projected on the CCD.

25 Furthermore, the image processing device 58 executes image processing to determine
the position of the outer diameter center Oy of the master M on the CCD according to the
position Iy of the inner diameter center of the master M determined by image processing, the
known size data (the position of the outer diameter center Oy with respect to the inner
diameter center Ly), and the imaging scale Z. Then, the image processing device 58 sets X-Y

30 coordinates (measurement coordinate system) on the CCD for which the determined position
of the outer diameter center Oy of the master M is used as an origin O (0, 0).

Then, zero calibration and scale calibration are carried out for the outer diameter

measuring section 100. The zero calibration and the scale calibration are executed using two



When the predeterm ned size data is inputted, predeterm ned nmeasurenents
are executed on the master M Specifically, first, the control section 20
outputs a drive signal to the illumnating unit 56 to irradiate the end
surface of the master Mwith illumnation Iight. Further, the control
section 20 outputs a drive signal to tHe AF driving unit 52 to subject the
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Now, description will be given of a fifth enbodi nent of a size measuring
devi ce according to the present invention. 1o In the present enbodi nent, as
shown in Fig. 13, the inmaging scale and the origin of the neasurenent
coordi nate systemare set using a cylindrical master which has two indices
P(~) and Q(~) formed on its end surfZe and for which the distance L
between the indices is known. The configuration of the device and the
measuring nethod for the work Ware the 15 sane as those in the first and
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Thus, the size measuring device according to the present embodiment enables the

25 measurements of the outer diameter dimension Dw and inner diameter dimension dw of the
work W simultaneously with the measurement of the eccentricity w.

Further, the outer diameter dimension Dw is measured using a change in the
backpressure of air used to support the work W. Consequently, the whole device can be
efficiently used.

30 In the present embodiment, the nozzle member 106 is used to spout air from the inner
periphery of the work holder 22. However, the porous body 34 may be used to spout air as in
the case with the first embodiment. Alternatively, the size measuring device 10 according to

the first embodiment may use the nozzle member 106 to spout air from the inner periphery of



15 positions of the indices P and Q shifted. The image processi ng device 58
executes i nmage processing to determne the position of the index P on the
master M projected on the CCD. The image processing device 58 then stores
the determ ned position in the nenory. After the second neasurenent of the
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1, S2, and S3 of a_radius T centered at the indices P 1, P2, and P3,
respect it%'TV9r, erz?ndi ng a point at which all three circles S 1, S2, and
S3 meet. 25 | ythensSnhdeMQhe SHTROMATERE &nxge%%h 'd{?&daigﬁé&edi?rh&gr &i}ﬂehﬂgﬁr S are
measur ed. However, neasurenents are possible even if a cylinder 1s filled
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coor di ngrecessisg demi¢efV) . However, a master for setting the imaging scale
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master for setting the origin of the neasurenent coordinate systemis a
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provided and separately operated to set the imaging scale Z and the origin
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A wel | -known i mage processing techni que can be used to execute inmage
processing to determne the dianeter or central position of a circle in an
i mge picked up by the CCD. Various image processing techni ques can be used
such as determ nation based on a contour, determ nation based on area
center-of gravity, and determ nation bdsed on the midpoint of an 20 X or Y
di mensi on. Further, in the present enbodinent, the part (the triangul ar

area A containing the inner dianmeter portion) of the end surface of the
wor k orthgdldurainaiing pihdfete irrgdiaterihe endmrfage ehthe imstey M with illymisation bghtt er

di mensi r, j . in C i he | dat a, wever,
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acc ratﬁ%h%emasured even if the CCD has a snall er nunber of pixels.
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holder 22 to shift in the circumferential direction again as shown in Fig. 9(c). Then, the CCD

camera 54 is used to image again the image of the end surface of the master M with the

30  position of the inner diameter portion m thus shifted. The image processing device 58
executes image processing to determine the position Iy of the inner diameter center of the
master M on the CCD according to the image of the inner diameter portion m of the master M

projected on the CCD. The image processing device 58 then stores the determined position



a work inner dianmeter center position calculating step of determning a
position of an inner dianeter center of the work on the imagi ng el enent
according to an imge of an inner dianmeter portion of the work projected on
the imagi ng el enent; and a work concentricity cal cul ating step of

determ ning concentricity of the work 2iccording to the position of the

i nner dianeter center of work on the imging el enent and the position of
the origin set on the imaging element. 2. A size measuring nethod,
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i magi ng el enent according to an inmage of an inner dianeter portion of the
work projected on the imaging elenent; and a work concentricity cal cul ati ng
step of determ ning concentricity of the work according to the position of
the inner dianeter center of work on the imaging el enent and the position
of the origin set on the inmaging elenent. 4. A size neasuring nethod,
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36 elenment; an origin setting step of determ ning a position of the outer

di aneter center of the master on the inmaging el enent according to a
plurality of data on the position of the index on the imaging el enent

obtai ned by repeating the master inmaging step and the master index position
calcul ating step a nunber of tines and&he imging scale, and setting the
position of the outer dianeter portion to be an origin on the imaging

el ement; a work imaging step of inserting a cylindrical naster to be
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hole in the work receivin e wor | nser a work
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master g st laad forl WEich AkRE@sRUL BetRber theWdiddsAnd theAdsitRH iRbudrom t he
i nner periphery of the hole in the work receiving nenber when the
diameter center Oy with respect to the index P are known is used. The information on the
position of the outer diameter center Oy with respect to the index P is obtained by setting x-y
coordinates using the index P as a coordinate center (0, 0) on the end of the master and
20 determining a coordinate position Oy (AX, Ay) on the x-y coordinates. Further, a mark (in
this case, a black triangular mark V) indicating the direction of a y axis for the set x-y
coordinates is provided on the end surface of the master M.
Simultaneously with the feeding of the master M, the operator inputs the known size
data Ly and Oy (Ax, Ay) on the master from the keyboard 62. The inputted size data is
25 stored in the memory contained in the arithmetic processing device 60.
When the predetermined size data is inputted, predetermined measurements are
executed on the master M.  Specifically, first, the control section 20 outputs a drive signal to
the illuminating unit 56 to irradiate the end surface of the master M with illumination light.
Further, the control section 20 outputs a drive signal to the AF driving unit 52 to subject the
30 APF lens unit 50 to AF driving so that the AF lens unit 50 focuses on the end surface of the
master M held in the work holder 22. Then, the CCD camera 54 images the image of the

focused end surface of the master M.

In this case, as shown in Fig. 12, a rectangular area A containing the indices P and Q



37 work is inserted, and the known outer dianeter dinension of the master.
7. A size neasuring device, conprising: a work receiving nenber having a
hole into which is inserted a cylindrical work to be neasured or a
cylindrical master an inner dianeter dinension of which is known and for
which a position of its outer dianeter2kenter with respect to its inner

di aneter center is known; an air spouting device which spouts air from an

i nner periphery toward a center of the hole in the work receiving nmenber to
suppor t formed @ the end syefaecef the master M is prejeted entheiCED gf ther(dP cameratMe cent er
of the : ' ' e ' | . e face of. the ster
o i 8% SRR e ALl i TASS AP Rl A Sl S50

cal cul afdrnige et peojedhiedon detGCaceediag to ARiEhaze of ¢l iadicey P amd QromgRe pr oj ect ed
on the inmagi ng el enent 1flélgmthe formationp on the known inner di ameter

i
di mensi BRS1E M praserigd oat G&%ﬁ%e@ PRt BNGIC AROVA AP B ESEACHb ¢ i on
of the H%E%asi%fﬁ/l.eoﬁf‘edde?&nﬁﬁb% i ﬁ:%EEalﬁigEr%Féd_ it ﬂ%&%gj QREinddl iR RS er
center position cal culating devic I C etermnes a position of the inner
di anet earitheretie prazkssinpedavicett®rasarconstenti nagi ng el enent according to the i nage

of the inner dianmeter.portion projected on the.imaging elepent; an origin
cetting devi cEuER HBRE RSN g URALT TS Bipelies imEedurcssing Bt amitefber o
the st%ti&ﬂofthéohﬂéﬁgﬂaﬁﬁte‘?lc@rﬂ% JE BHRHASHS M On itk _@C]Fa?cb&ﬁir@loftﬁﬁnﬁgé' tion
of the fnner diameter center of the master on the | magi ng el'enent, On an

i magi ngobthalisdicesfiangQ ohdhepmaster Miprojected en thet@Ddi anet er center with

respect to thg inner di aneter. nt.er, and sets the pnositLon of the outer

i et er por ¢ FaiEors o igiRE o7 prdRsaofes BB SRR 5 BReeBler ey

di anmet epraeedii to@eithinelhe diksuibabf the yayd e thehi-¢ Bostaimatelisérem the pabi ti on of
an inner dianeter center of the work on the inaging el ement _according to an
i mage ofurfaceiof fisrmanterM¢ Eomshs posiipnAf thewark( %) peisciediBdhefChndi nagi ng

el enent ; K. G i Gt Y : | dewl | on

concent 11 B e E g e P B B e e
cent er pfocessing tordetehminerthgdingrtioh €passing éwdughhtbe pralek 1l amd eafentling ori gin set on

the i : | t 8 : : devi Cenene ol
recei vi REFPRIBER RA07 RaHE Plget P BOMMPEROTLoT prubf tan £ o Bt S ERetor 1 1o
Eﬁom”gésﬂf&@ssﬂ{g devickl S8NatEbRE inthRS pRIce@ihg 1B Blermlind IR SositiinTMsd &5 of which is

coordinates on the CCD which are set on the end surface of the master M.

Then, the image processing device 58 executes image processing to determine the

position of the outer diameter center Oy of the master M on the CCD using the determined x-y

20 coordinates on the CCD and according to the imaging scale Z, and the known size data (the
position of the outer diameter center Oy with respect to the index P).  Specifically, the x-y
coordinates are set using the position of the index P on the master M as a coordinate center (0,
0), and the coordinate center Om(AX, Ay) of the outer diameter center Oy of the master M on
the x-y coordinates is known. Thus, the image processing device 58 executes image

25 processing to determine the position of the outer diameter center Oy of the master M on the
CCD according to the imaging scale Z and the known size data.

The image processing device 58 sets X-Y coordinates (measurement coordinate
system) on the CCD for which the determined position of the outer diameter center Oy of the
master M is used as an origin O (0, 0).

30 In this manner, the imaging scale Z and the origin of the measurement coordinate
system can also be set using the master according to the present invention.

In the present embodiment, the master M is shaped like a cylinder. However, the

master M may be a cylinder having the indices P and Q formed on its end surface. Further,



38 an air spouting device which spouts air froman inner periphery toward a
center of the hole in the work receiving nenber to support the work or
master held in the work receiving nmenber, in the center of the hole; an

i magi ng el enent which i mages an end surface of the master or work supported
in the work receiving nember; an imagid®g scal e cal cul ati ng devi ce which
determ nes an imaging scale for an inmage projected on the i mging el enent
fromthe information on_the known inner dianeter dinmension of the master
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on the imaging elenent; a work inner di ter. center. position calculating
devi ce HRFch %é‘tyéﬁtel?‘ﬁr kafﬁg%ﬁ?f‘wm usﬁcﬂﬁﬁﬁ%‘fi" i}IéFﬁ’E?’gr center of the work
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of the work projected on the inaging el enent; and a work concentricity
cal cul aadcarflingip the prebént invgatien.ni nes concentricity of the work according to

the position pof . the inner dianeter, center. o rk on the i I ng. el e;rent
and®t ne. post 1 g Bfeskitaripe R o oh G ey R e Bherie 2B e ighn &
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which is inserted a cylindrical nmaster which has two indices formed on its
end sur f&cad hmffermegancits epdsusfaeaand foewhichibe distapeed betyvegm thedndiessiis i on of
its outgg i ameter center with respect to at |east one of the indices are
known; an air spouting device which spouts air froman inner periphery
toward a cent Ehe adnfighmtibnloéthiendevive ambtHe mexsening mgthod fidrehe worksUpgothe t he
work or master hel dh'tn t he work receijvi ng menbter in the c(ianter OJ. t he
hollé:  same as those in the first and second embodiment§ except for the master used.  Accordingly,
description will be given only of methods of setting the imaging scale and the measurement
coordinate system as in the case with the third and fourth embodiments, described above.
First, the work holder 22 is supplied with a master M. The master M is housed in
the inner periphery of the work holder 22 with its tip locked on the stopper plate 30. Then,
20 the air supply device 42 is driven to supply compressed air to the air supply passage 38 of the
work holder 22, This centripetal action holds the master M in the inner peripheral center of
the work holder 22.
Here, as described above, the master M which has two indices P and Q formed on its
end surface, and for which the distance L between the indices is known is used. The operator
25 inputs the known inter-index distance L of the master from the keyboard 62. The inputted
size data is stored in the memory contained in the arithmetic processing device 60.
When the predetermined size data is inputted, predetermined measurements are
executed on the master M.  Specifically, first, the control section 20 outputs a drive signal to
the illuminating unit 56 to irradiate the end surface of the master M with illumination light.
30 Further, the control section 20 outputs a drive signal to the AF driving unit 52 to subject the
AF lens unit 50 to AF driving so that the AF lens unit 50 focuses on the end surface of the
master M held in the work holder 22. Then, the CCD camera 54 images the image of the

focused end surface of the master M.



an imagi ng el ement which images an end surface of the master or work
supported in the work receiving nenber; an imging scale cal culating device
whi ch determ nes an imagi ng scale for an i mge 39 projected on the

i magi ng el ement fromthe informati on on the known inter-index distance of
the master according to an inmage of th® indices projected on the inmaging

el enment; an origin setting device which determ nes a position of the outer
di aneter center of the master on the imaging el ement according to
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I magi ng el enent and the position of the origin set on the imging el enent.

10. A sf¥8%Rkasuri ng device, conprising: a work receiving nenber having a
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el ement processing to determine the position of the index P on the master M projected on the CCD.
The image processing device 58 then stores the determined position in the memory.

After the second measurement of the position of the index P, the master M is removed

from the work holder 22 again and then fed back into the work holder 22. This causes the

20 positions of the indices P and M on the master M held in the work holder 22 to shift in the
circumferential direction again as shown in Fig. 14(c). Then, the CCD camera 54 is used to
image again the image of the end surface of the master M with the positions of the indices P
and Q thus shifted. The image processing device 58 executes image processing to determine
the position of the index P on the CCD according to the image of the indices P and Q projected

25 on the CCD. The image processing device 58 then stores the determined position in the
memory.

As described above, when the master M is held in the work holder 22, the outer
diameter center Oy is always held at the fixed position owing to the centripetal action of air.
Accordingly, also on the CCD, the master M always has its outer diameter center Oy placed at

30  afixed position.

On the other hand, the distance between the outer diameter center Oy and the index P

is invariable, so that provided that at least three positions of the index P are determined, the

position of the outer diameter center Oy on the CCD can be identified by determining a point



an origin setting device which determnes a position of the outer dianeter
center of the master on the imging el enment according to a plurality of
data on the position of the index on the inmaging el ement and the inaging
scale, and sets the position of the outer dianeter portion to be an origin
on the imging el enent; 40 a work irder diameter center position

cal cul ating device mhich determ nes a position of an inner dianmeter center
of the work on the inmaging elenent according to an inmage of an inner
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the shape of the indices P and Q is not limited to the circle (®) or rectangle (m), but any other

15 shape may be used as long as it allows the indices P and Q to be located.

Further, in the present embodiment, the position of the outer diameter center Oy is
identified by finding a circle S passing through the indices Py, P, and P and then finding the
center of the circle S. However, if a distance T from the index P to the outer diameter center
Ow of the master M is known, the position of the outer diameter dimension Oy may be

20 determined using this known distance T. Specifically, as shown in Fig. 15, the outer diameter
center Oy is located at the distance T from each of the indices P,, P;, and P3.  Accordingly,
the position of the outer diameter center Oy is determined by finding circles S;, S,, and S; of a
radius T centered at the indices Py, P,, and P3, respectively, and finding a point at which all
three circles S, S,, and S; meet.

25 In the series of embodiments described above, the cylinders are measured. However,
measurements are possible even if a cylinder is filled with another cylinder in its inner
diameter portion. Accordingly, the work in the specification includes a work filled with a
cylinder in its inner diameter portion or a cylinder with a circular mark provided on an end
surface thereof.

30 Further, in the present embodiment, one master is used to set both the imaging scale Z
and the origin O of the measurement coordinate system (=Oy). However, a master for setting
the imaging scale and a master for setting the origin may be separately provided so that these

two masters can be used to set the imaging scale Z and the origin O of the measurement
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the master accordmg to an image of an inner diameter portion of the master projected on the
imaging element;

a master inner diameter center position calculating step of determining a position of
the inner diameter center of the master on the imaging element according to the image of the
inner diameter portion projected on the imaging element;

an origin setting step of determining a position of the outer diameter center of the
master on the imaging element according to information on the position of the inner diameter
center of the master on the imaging element, on an imaging scale, and on the position of the
outer diameter center with respect to the inner diameter center and setting the position of the
outer diameter portion to be an origin on the imaging element;

a work imaging step of inserting a cylindrical master to be measured into a hole
formed in the work receiving member, spouting air from the inner periphery toward the center
of the hole to support the work in the center of the hole, and using the imaging element to
image an end surface of the work supported in the work receiving member;

a work inner diameter center position calculating step of determining a position of an
inner diameter center of the work on the imaging element according to an image of an inner
diameter portion of the work projected on the imaging element; and

a work concentricity calculating step of determining concentricity of the work
according to the position of the inner diameter center of work on the imaging element and the

position of the origin set on the imaging element.

2. A size measuring method, comprising:
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the inner diameter center of the master on the imaging element according to the image of the
inner diameter portion projected on the imaging element;

an origin setting step of determining a position of the outer diameter center of the
master on the imaging element according to the imaging scale and a plurality of data on the
position of the inner diameter center of the master on the imaging element obtained by
repeating the master imaging step and the master inner diameter center position calculating
step a number of times, and setting the position of the outer diameter portion to be an origin on
the imaging element;

a work imaging step of inserting a cylindrical master to be measured into a hole
formed in the work receiving member, spouting air from the inner periphery toward the center
of the hole to support the work in the center of the hole, and using the imaging element to
image an end surface of the work supported in the work receiving member;

a work inner diameter center position calculating step of determining a position of an
inner diameter center of the work on the imaging element according to an image of an inner
diameter portion of the work projected on the imaging element; and

a work concentricity calculating step of determining concentricity of the work
according to the position of the inner diameter center of work on the imaging element and the

position of the origin set on the imaging element.

3. A size measuring method, comprising:
a master imaging step of inserting, into a hole formed in a work receiving member, a
cylindrical master which has two indices formed on its end surface and for which a distance

between the indices and a position of its outer diameter center with respect to at least one of
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a work imaging step of inserting a cylindrical master to be measured into a hole
formed in the work receiving member, spouting air from the inner periphery toward the center
of the hole to support the work in the center of the hole, and using the imaging element to
image an end surface of the work supported in the work receiving member;

a work inner diameter center position calculating step of determining a position of an
inner diameter center of the work on the imaging element according to an image of an inner
diameter portion of the work projected on the imaging element; and

a work concentricity calculating step of determining concentricity of the work
according to the position of the inner diameter center of work on the imaging element and the

position of the origin set on the imaging element.

4. A size measuring method, comprising:

a master imaging step of inserting, into a hole formed in a work receiving member, a
cylindrical master which has two indices formed on its end surface and for which a distance
between the indices is known, spouting air from an inner periphery toward a center of the hole
to support the master in the center of the hole, and using an imaging element to image an end
surface of the master supported in the work receiving member;

an imaging scale calculating step of determining an imaging scale for an image
projected on the imaging element from the information on the known inter-index distance of
the master according to an image of the indices projected on the imaging element;

a master index position calculating step of determining a position of one of the

indices on the imaging element according to an image of the index projected on the imaging
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a work concentricity calculating step of determining concentricity of the work

according to the position of the inner diameter center of work on the imaging element and the

position of the origin set on the imaging element.

5. The size measuring method as defined in claim 1, 2, 3 or 4, further comprising a work
inner diameter dimension calculating step of determining the inner diameter dimension of the
work according to an image of the inner diameter portion of the work projected on the imaging

element.

6. The size measuring method as defined in claim 1, 2, 3, 4 or 5, further comprising:

a mater backpressure/flow rate measuring step of measuring a backpressure or flow
rate of air spouted from the inner periphery of the hole in the work receiving member when the
master is inserted;

a work backpressure/flow rate measuring step of measuring a backpressure or flow
rate of air spouted from the inner periphery of the hole in the work receiving member when the
work is inserted; and

a work outer diameter dimension calculating step of determining an outer diameter of
the work according to the backpressure or flow rate of air spouted from the inner periphery of
the hole in the work receiving member when the master is inserted, the backpressure or flow

rate of air spouted from the inner periphery of the hole in the work receiving member when the
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y#109& ()-2! 1 an imaging element which images an end surface of the master or work supported in
the work receiving member;

an imaging scale calculating device which determines an imaging scale for an image
projected on the imaging element from the information on the known inner diameter
dimension of the master according to an image of an inner diameter portion of the master
projected on the imaging element;

a master inner diameter center position calculating device which determines a
position of the inner diameter center of the master on the imaging element according to the
image of the inner diameter portion projected on the imaging element;

an origin setting device which determines a position of the outer diameter center of
the master on the imagin.g element according to information on the position of the inner
diameter center of the master on the imaging element, on an imaging scale, and on the position
of the outer diameter center with respect to the inner diameter center, and sets the position of
the outer diameter portion to be an origin on the imaging element;

a work inner diameter center position calculating device which determines a position
of an inner diameter center of the work on the imaging element according to an image of an
inner diameter portion of the work projected on the imaging element; and

a work concentricity calculating device which determines concentricity of the work

according to the position of the inner diameter center of work on the imaging element and the

position of the origin set on the imaging element.

8. A size measuring device, comprising:
a work receiving member having a hole into which is inserted a cylindrical work to be

measured or a cylindrical master an inner diameter dimension of which is known;
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image of the inner diameter portion projected on the imaging element;

an origin setting device which determines a position of the outer diameter center of
the master on the imaging element according to a plurality of data on the position of the inner
diameter center of the master on the imaging element and the imaging scale, and sets the
position of the outer diameter portion to be an origin on the imaging element;

a work inner diameter center position calculating device which determines a position
of an inner diameter center of the work on the imaging element according to an image of an
inner diameter portion of the work projected on the imaging element; and

a work concentricity calculating device which determines concentricity of the work
according to the position of the inner diameter center of work on the imaging element and the

position of the origin set on the imaging element.

9. A size measuring device, comprising:

a work receiving member having a hole into which is inserted a cylindrical master
which has two indices formed on its end surface and for which a distance between the indices
and a position of its outer diameter center with respect to at least one of the indices are known;

an air spouting device which spouts air from an inner periphery toward a center of the
hole in the work receiving member to support the work or master held in the work receiving
member, in the center of the hole;

an imaging element which images an end surface of the master or work supported in
the work receiving member;

an imaging scale calculating device which determines an imaging scale for an image
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measured or a cylindrical master whlch has two indices formed on its end surface an for

which a distance between the indices is known,;

an air spouting device which spouts air from an inner periphery toward a center of the
hole in the work receiving member to support the work or master held in the work receiving
member, in the center of the hole,

an imaging element which images an end surface of the master or work supported in
the work receiving member;

an imaging scale calculating device which determines an imaging scale for an image
projected on the imaging element from the information on the known inter-index distance of
the master according to an image of the indices projected on the imaging element;

a master index position calculating device which determines a position of one of the
indices on the imaging element according to an image of the index projected on the imaging
element;

an origin setting device which determines a position of the outer diameter center of
the master on the imaging element according to a plurality of data on the position of the index
on the imaging element and the imaging scale, and sets the position of the outer diameter

portion to be an origin on the imaging element;
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a work inner diameter center position calculating device which determines a position
of an inner diameter center of the work on the imaging element according to an image of an
inner diameter portion of the work projected on the imaging element; and

a work concentricity calculating device which determines concentricity of the work
according to the position of the inner diameter center of work on the imaging element and the

position of the origin set on the imaging element.

11. The size measuring device as defined in claim 7, 8, 9 or 10, wherein the air spouting
device comprises a plurality of nozzles disposed in the inner periphery of the hole in the work

receiving member at predetermined intervals.

12. The size measuring device as defined in claim 7, 8, 9 or 10, wherein the air spouting
device spouts air from the entire inner periphery toward the center of the hole via a porous

body disposed in the inner periphery of the hole in the work receiving member.

13. The size measuring device as defined in claim 7, 8, 9, 10, 11 or 12, wherein the size
measuring means comprises:

a work feeding device which feeds a work to be measured to the hole in the work
receiving member; and

a work collecting device which collects the measured work from the hole in the work

receiving member.

14. The size measuring device as defined in claim 13, wherein the work collecting device
comprises a classifying device which carries out classification and collection according to

results of measurements.




