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FI ELD The present invention relates to a size neasuring nethod and devi ce,
-and in particular, 5 to a size neasuring nmethod and device that neasures
the sizes of fine cylindrical parts such as ferrules. ND ART When
a fine cylindrical part such as a ferrule has its size IWMM mrk IS

pl ace on a V table or the |like and probe of a contact

instrunment is abutted against an inner to dianeter portion *d}‘PlS?*he wor k. The
work is then rotated, and the deflection fromthe maxi num and m ni nrum

val ues obtained is deternined SPERSFI@NBYHN obtained is tmﬁﬂuwwmwmm,mo obt ai n

concentricity. Further, if the work Is neasured in a no nner,
t hen as di scl osed in Japanese Pat ent Application Publicatiowodia: 8-29642,

Japares Df?l@ 0, kg ion 15 No. 10-227619, and Japanese
Patent Applicati onmﬁ%lgaﬁon 6- 174433, work is placed on a V table or
the like and rotated. Then, an end surface of the work is imged using a
CCD q@reirc AlNef O mage data obtained is subj ected to inmage processing to
determne an 1 nner dianeter, an outer dianeter, and concentricity. However,
t hese convBrtpreseal ingdnzion relate o agzeTetdyenisg mathod eglidaviceaamida lparticslar, t hat 20
rotates the work. This di adv t ageousl y i ncreases t.he.size of the device.
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r equifgrindgs. much tinme for the neasurenents. Furthernore, since the work is
rotated while placed on the Vtable or the like, the V table or the |ike

. This may di sadvant ageously precludes accurate
masM‘ﬁRQ% ver, if the work is externally partly deforned, e.g., if
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measured as the anount of 1nner dianeter concentricity. al so
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I'nvent on to a Size neasu apparatus that can easily
and amumahehgr nﬁﬁamur\etlﬁdseb&me mdetmﬁriedusirhgaxaomt nsbiamed dstherghaladdi on. 2
SUMVARY OF THE | NVENTION In order to attain the above-described object, a
firsto QUBBEPIFAIIY 2o neasuring met hod according to the present invention
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on an imaging scale, and on the position of the outer dianeter center with
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step o ertin acyln master to nmeasured 1nto a
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.



20 hole forned in the work receiving nenber, spouting air fromthe inner
periphery toward the center of the hole to support the work in the center
of the hole, and using the imging elenent to i nage an end surface of the
wor k supported in the work receiving nmenber; a work inner dianeter center
position calculating step of determ ning a position of an inner dianeter
center of the work on the imaging el enment according to an inmage of an inner
di aneter portion of the 25 work pro%ected on the imging elenent; and a
wor k concentricity calculating step of determ ning concentricity of the

wor K o %hﬂ@FhQﬂ%ﬂ@%Bﬂ?hﬁNon of the inner dianmeter center of work on the
i magi ng e enent and e position of the origin set on the imagi ng el enent.
Accordlng ﬁaxﬂheohnmstmaﬁpecﬂmwﬁbmhﬂnanzﬂimaapunpﬁgmnehhmﬂnagﬁmﬂddng to the
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di anet er dlnenS|on of which is known, into a hole forned in a work

r eceiwdrkgn theriegingsissiant angl the positiasrafabe orgiepetpathpimagingtelamanti a center of

| magi ng el ORAERES el BRtCEhe bR oL FreRERb Eiptod e Forleo uiBica”: 1" ne

wor k mmabmmcdmémﬂmty &fihé ORBIANEl Mk B riekordl atitho@ rfacfg mfe “dﬂt ermning an
i mgi hg scale for an inmage projected on the imgin el ement fromthe

3hf orSpatifieH yon cYlierigaldnastar ap Binchdiameice dimangien of tyhlc fis knewvnpad ey accor di ng
to aﬂvﬂlg@?gos%%na& ds’bﬂ%& dfi'rr?éf@?%@r&erﬂ?‘iﬁ te8 cP{o ﬁs*lﬁnéi‘%&r?e‘ier%ﬁbﬁgk&ﬁw?” the

i magi ng e master I nner dianmeter center position calculating

st ep iofnseteddeinwi arhdhgfommpd)m 4 work redeitihgmiember.  diisisBp@nedcenhan imkr t he nast er
on the im enent accordin e of the inner dianmeter portion
o o GETBE IV RG® FH o1 ok Lo PP 8 a5 Tod e Mt SHBE Bt ot i g &
position of the outer dianeter center of the master on the imagi ng el enent
according to the 5 imaging scale and a plurality of data on the position of
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on the imging elenent. Further, to achieve the above object, a third
aspect of a size neasuring nethod according to the present invention is
characterized by conprising a master inaging step of 20 inserting, into a
hole formed in a work receiving nmenber, a cylindrical master which has two
indices forned on its end surface and for which a distance between the
indices and a position of its outer3 di aneter center with respect to at

| east one of the indices are known,” spouting air froman inner periphery
toward a center of the hole to support the master in the center of the
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supported in the work receiving nenber; an imaging scale calculating step
of determ ning an inmaging scale for an inmage projected on the inmaging

el ement fromthe information on the known inter-index distance of the
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25 surface and for which a distance between the indices is known is
inserted into a hole formed in a work receiving nenber. Air is then spouted
froman inner periphery toward a center of the hole to support the naster
in the center of the hole. Then, an imaging elenent is used to i nage an end
surface of the master supported in the work receiving nenber. Then, an

i magi ng scale for an inage project e&l on the imaging elenent is determ ned
fromthe 30 information on the known inter-index distance of the naster
according to an imge of the indices projected on the inmagi ng el enent.
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a configuration of a size neasuring device according to an enbodi nent; Fig.
2 i s movd the posliiagofahe swbedismetenpdrijorsprojected oa tioinfagipgretenmenn dfhem, thwor k
receiving to section and a feeding and .collecting.section; Fi.,g. 3 is an
o) aREORARRE R 4T Fage ssna portaeE 3T s sl b BRI R St B g Tor an
origin setting nethod; Fig. 5 is an explanatory draw ng for a work size
measuring method; Fig. 6 is a block diagram schematically show ng a
configuration of an outer diameter 15 measuring section; Fig. 7 is a front
sectional view showing a configurati on of _ a__\_/vo__r_l_< _h_oI _ql_e__r__ according to a
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Fig. 8 is an explanatory drawing for an origin setting nethod according to
a third enbodinent; Figs. 9(a), 9(b), and 9(c) are explanatory draw ngs for
the origin setting nethod according to the third enbodinent; Fig. 10 is an
expl anatory drawing for the origin setting nmethod according to the third
enbodi ment; Fig. 11 is an explanatory drawing for a master according to a
fourth enbodinent; 25 Fig. 12 is an_explanatory drawing for an origin
setting nethod according to the fouPth enmbodinent; Fig. 13 is an
explanatory drawing for a master according to a fifth enbodi nent; Figs.
14(a)., 14(b), and, 14(c) are explapatqry dr.aw pgs.for an origin setting
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t o t RerEncdirmesterpraieeod oythe igaging plsmieatn Wi this manngr, wespasftioprogther r ed

enbodj j : j i r di. 0 pr esent
nvers bt oy RoERREUE I malihy OBl oY FolEha el W R Ol ot o
of a afplumalityeofif@deasethteed fata os theeponitias of the gnrdediameteacemerdi Therd,@ t he present

i nvention. shown. in this draw ng, a size neasuring, device 10 according
ot MESIIPREHE SRR e SR S CU ERE SER K RSB GAng sect | on
12,  aRcdraRgitd theIRGdeRbmbtd phirAlR3utalifybf 388 bh M plitiod oMHeknde? @fhietr and

coll ecting section 18, and a control "section 20. As shown in Figs. 1 and 2,

t he WERRI ansothe imagingsselei omhatds, dhampasterdes Hs awendiametegenter alwageihaldahol d a

mast er : . d ] . it d wor k

ot ey g HogBh focalle R ERARILEAL o oP LB TR RRRle I Bent WP "0 acke
PBA tomten diimendr c2ftecix abvays tngated at a fizdd positioom @nlkees@héhand,hiee work Wt o be
measured is.ingserted into the inner periphery of the work holder 22 and
suppdPbise e BvirBi, o Peprlitet Aok dilibfhtrotton 38, “ond

sur f afger Glanidid cofrekard abE@hingd thedpopiiien @b thetolleer dAGR e @ehtwyUnkhdnhdgary f al | i ng.
The t5 stopper plate 30 is forned_ like a circular plate having a circul ar

obs e releRang R peideniifisd Ryidetermiingaoins at egnal digsanee forvise Aete@mingt o t he wor k
hol d 2. 1 0 : is thus
or evase Sy Fn bieh SaEE B2 IR poBlioh 0P o Gl LB taBBE - s neg

t§ ansteearmiredftobarthd cemert dfa dincleaqrasgieg thpivwgh yhegfositioes efth& irnet dieme®?2 so as to
extend from,the. |l ower, end to center..of the.wrk holder 22, A 20.

oyl § apieEa b LR CpEPB e RO b d el PR R s P e e o ¢ e
fit-iohthelmagdiy eldnedi r supply channel 36 of a predetermned width is formed
in the inner peripher f the fit-in hole 32 _al] over the circunference of
the porous VA @&chlgﬁegqe,a{)gwcgpt,ﬁé@gtg@s@e%tg)fpglzfHleemﬁqlqgtxaqdi on with the
ai I sidphhihgGh alRRbsesndditoh RAtErab@ril e yidnfis B fal iR Ym&ingd §16p yYor k hol der
22. An air “supply device 42 is connected to the air supp é passage 38 via
ah aiipsepting inipp oleifpranedon a prosk gaceivingppbegadybiadrical magenl wish Basrippessed air.
The cqop: [ 4 | I Iy A j ied to the
air slﬁgg%siﬁgﬁgdnﬁdeﬂﬁs %QQ%&?&#Q¥%€‘?B§€%8F§MP%%W% tgﬁgldﬁ?aa@l afbjégﬁ%jbl y passage
38. Tdfétseargp dzamed caniter wittpgekpeetitotan ldakieonaiof thetijutitey actiaromel spdGtingaispout ed t o

the inner periphery of the work | der 22 via the poroys body 34. At this
e FRen ik Pt amiiac Bt ot Gnhroh mRat s el b e coBer oMy of 't he
POr OUspld) ey uﬁﬂ% hiRinddkidg W1her? €5 inkdp8 anlend Qa8 oOthe hﬁ@tei"ﬁfpgoﬂﬂﬁ! idee 22. The
centripetal action of the conpressed air causes the work Winserted into

2he viverk riesides membpie am Enagingscalgsalcplaing ep pifdvesrminingan isragfg sele fanor k
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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



predeterm ned depth. A predeterm ned gap 46 is fornmed between the recess 44
and the stopper plate 30. Further, vents 48, 48, ... are fornmed in the
stopper plate 30 so as to |lead to the gap 46. The conpressed air spouted
into the work holder 22 is exhausted to the exterior via the vents 48, 48,
... The inmaging section 14 uses a CCD to image an end surface of the master
M and work Wheld in the work hol der 22. The imaging section 14 is conposed
of an AF lens unit 50, an AF drivin§ unit 52, a CCD camera 54, and an
illumnpnating unit 56. The AF lens unit SO is installed at a predeterm ned

di stance bel ow the work holder 22. Further, the AF lens unit 50 is
i nst AEPEEHObREHelette sunpartdifdvarkin fiesenter ofifhe hjesand\sing thesimagingielementl d i n t he

wor k [ ' [ J . onal to the
end o PasLartsh (A U R Slypoea i fie ork RESyHE rlerbn Sy B8 "2 o e
dr i vidigmeten ¢centR psutiyreci@ilating sip of detsrmining apOsition AfFandinnaridiameter cBmeus it on
the e surface,of the rk Wor.master. Mheld .in the work hol der 22. The
ar b p O inE el e SRR B E Almbe O 1 e Bl rERER Sury . Thus,
the Abork@psjested bn B0 imagibgble@eiteshd Dwadk oﬁﬁcdﬁhid'{tiy'wlcaﬁﬁ@% slepgf t o di stance
measur enent, i nformation on the distance to the end surtface of the master M
or wolekerpyning eoncemriginnefithe warkj accarding e thepositign ehihe ipnge gigmeteg eentes of he st r ut
26 e j i iDRSE o (7 s 4NJ is attached
to t)r?;é rH:;clﬁalyrxls(i%{ gdggﬂéﬁ%é%%%hgﬁ} thggé%%@%éﬁtt%% iﬁxgagu%én@l%rﬂe;&m canera 54,
pi cks up arfThengigkaspéctiofitheasing nxasdringen@Boddccotdngrta shegmredohoinvemiok i3W enl ar ged
by th F lens unit 50. T illumnating . unit 56. a ies illumpating |ight
0y ¢ raTaRe EOR AP aF e e PeR P A A AP B e RSB R s 22,
The rﬁ'ﬁ@l’idﬂﬂd’lﬁxa%ﬁ@sb&@aﬂcﬁorigﬁn oRinelimagiappeaes: £¢ s@nsingaggliniHesasstang device
58 and an arithnetic processing device 60. The image processing device 58
pr oc e¥ligl hastvg ipdicesipn isnd gyrdace gnd fosavhiche distancebstvien thraindiges 8f oR2or work W

i mageghbnlof fis Gt GaBEAcetr 3 rOBERUb 5t e oRY SGRS M Ak AnbOn ! NB

&
arithmetic processing device 60.r9%pcor ding to the inmage-processed data, the
ari t thethird aspest.dusti agylindvical enas@r whichhas twesindices erciseendrsudfageyandfort he wor k. A

keyboay. . 1S nected.t h | & I in evi.ce 60 an i nput
dovi QEnenR gk E BTG e U EposiinuS oPlep O RBRIAR i B e et
P§ OCeR $¢aBpomdefititcindidesate Ribvatis prsertetbitcceBbole Fattiet &f 3 wolkereedivihf meinber.

proces_si_n% devi ce 60 contains a nenor %not ) OV\F% t hat stores )

pr ed et E ATAR SPYERITOm AR INRES RETIP %féiit‘?ﬂj‘“éﬁ eIE R holg loswepeThihe MEsElds and
col | et Sedibterr R holdV THeS, aQfdigihg @Rinfed: BNedCimeed dnd$8gide@ tht8 i s conposed
of a work feeding section 68, a work 12 collecting section 70, and

Swi t CIRSIEY SUpRArtsd 17 thewprks FRsqivingrmemnyss.  Theanen agigscale i and@agng devi ce 68
ey RS AP EIEY s 1 OBLBR0R I BB ot 0
pb pe digana of et mester7 SThem e pasiseropfishe 0o@6r diameter center of the master on the
imaging element is determined according to information on a position of one of the indices on
the imaging element, on the imaging scale, and a position of an outer diameter center with
respect to the known indices. That is, since the position of the outer diameter center with
respect to at least one of the indices is known, provided that the position of this index can be
25  identified, the position of the outer diameter center of the master can be identified according to
the information on the known outer diameter center. Then, the thus determined position of
the outer diameter portion is set to be an origin on the imaging element.
Further, to achieve the above object, a fourth aspect of a size measuring method
according to the present invention is characterized by comprising a master imaging step of
30 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



5 The parts feeder 74 is connected to the feed pipe 76 to feed sequentially
wor ks W housed in a stocker (not shown), to the feed pipe 76. The feed pipe
76 is connected to the switching device 72 to guide the work Wfed by the
parts feeder 74, to the switching device 72. The shutter 78 is installed
close to the tip of the feed pipe 76 to block the passage of .u the work W
t hrough the feed pipe 76. The shutter 78 bl ocks the passage of the work W
by using a cylinder (not shown) to Eroject the shutter plate 78A into the
feed pipe 76 so that the shutter plate 78A bl ocks up the feed pipe 76. That

i's, 1.5 .:0roj ' - f ipe 76, th k
Wi s YRRl Ty S8 R lccl e indiy, & BB E S A cd Ulipe Mep P BB R A 1, 0° "'
swi t dimagigg dale foe alY Bnagdipesjedtérborstha imagingtlament #&n ike infetmatidneadh the om t he f eed

ipe,76, the 1 k W freel t hrough the.pj.pe 76. th
Chit kapwpinifrandasaitincs;of Pt mist B ORa 0 FuaUp PHBE MG Pt BtEt y bl ocks
up t RRafiae dleRicRE a ffhsRNthdeL pbsttidr calchR@ng brep BLdet&ihifig b pediabd §thnalepve the

see
shutter, 7% to regul ate the novenent (falling) of the work Was soon as the
vior k the indisepheretie ipagiegiclppentaecafins tedn ingige gg@@imdemmjgc,techm though works W

must .he. . : . 78 is
opendieinfPiekfiat 35 otEhediy 085 of &Y BOTupr e bR GIRMbRESHER Pt cer
22. TDtheagastaaton thehinmginghetensdnopgrerdi@Dioiaplymibiyiod data oA tieypdshidarof (leot shown) is
used.to project a stopper, ne r 80A of the stopper 80 into the feed pipe
76. ongt %‘%Hﬁﬁi?g‘%\é%‘éwgggwe@%%ége Qﬁﬁerf‘f’fz‘é‘s“gtsﬁé 2t the gai nst and

t 0 t hgdexpasitionRalbul 8l stpon MimbehBf fif8Hand iREIn{ARingWehlB, dnlQetRf thef €edi ng devi ce
68 configured as described above, when the parts 25 feeder 74 feeds the

vibr k Pesitien phidic peisgdigmgisr partighiq ke anasigimeon the imagng elewpenfs agvork imagigrk Wi s

bl oc - 7 : ' it chi ng

devi Iégeg'}g){m%ﬁﬁgﬁpgﬁé%ta ler?ias\f}\lﬂg%ﬁ% ﬂg&g‘ od;)%g{g ]g)gé fbgmgcgﬁ t{}g&) ,re?ét%l%‘g xes the
wor k nvefiteer, | spouting afrhfeorh dednmay pemptieriolslaotthe derdgr afithee I itotsappofBthe Af t er t he

st opper, 80 has fixed the rk the .shutter 78 is opened_.to ed only the
e an o CRtsenat Sietale et hajne s RaeiRE S obdre R SEie A Ter ror 1 ho
wor k yWirRQuppastedRRfe WOk rebdifing Mentber, akfork Snrfet @iadicABhdrpBsitibxat i on by the
stopper 80 is cleared to feed the Work Wto the shutter 78. Then, the

& opselcuigting igeaf datmipipka PeYiRiAg iR diamethr senteiot khowrorkina thior k f eedi ng
devi G&a8fs RERNSIRERMRY aﬂmgeotf*aﬁim%éiafn%@db&agﬂe%@wo%mm}% ey K

fg f
col | ect?n@ evice 70 §o| l'ects” neasured works" Wfiromthe nol der 22 13
and chaissagingesderndntrand n ek oontgnicicitcalpulating stepnf|detsrrainingeoneemtrisity @frent . As

h ' R K >1.0.0g: ' [ .Of |1 [
oi po ol Beafing el BLAETHeP GaflEs EGuck b VAP RIBEREREE 0o %Bs. “and o

col | ebdmangamdt the pesiti@Dof thdierigiolsttentthoimagingel8dent.s connected to the sw tching
device 72 &% g‘lﬁ{{ﬂ e neas#l%ed_ wor ks Wto toge gah.e 86 via the swi.tching device
. The ai MhelRUNAIPEEO! e 59 Measiring Method aeQsding Lo b PRSERtiBIEnETHE 82 near
the gff&e®Groth thedirStUShdcPr Ak Pige Bradufing wickhodiabcdraifBd e biedtifef®bd ection

pi pe 82 via the suction pipe 92. The air sucking device 84 sucks air from

i nsi de thap thedwpgiag s¢abmansh gogiBon the imagirg elamenicy & sonpsing s exlindnicalheastor k hol der
22, Vj e i . i T I i t he gate 86.
a1 TS U o B GG e pnd BE s dbicliahineMHcdRlisdy' 0T e
conndaibivan hethes@mthtasgecs, dirit] ooylindpeal ddasenehichdacovd indicesom imgnd 82. The

infl ow preventin | at e 92 revents. the work W passi.ng through the

Ehi | GUERG AT e Bt R AFPBE PG ooR F icisss 5 KRRdRTBHIE) T8 SR 81 pe 02,
The oah6rk36eciving AEABEL. T A8 tHeh@BbitePREMAE iitd perhRBAowditer @afeeofife bl OCks
the work 15 Wcoll ected by the collection pipe 82 before the work Wreaches

t he dioleotshprprobe mestesd. therepntatiof detholyy  ddon.ca iBagingclemanideissdte o t he gate

of routsf Bk St bR TENIE Rl AR ReR6G TRl 7 ot v e

wor ksimabing8cale Firde tmhgy frojc€¥d 0P tHeSmapingelofRat isdetethiae®fiod tv@l ue and " NG
wor ks" that do not nmeet the reference value, accgording to the results of
Bhe rBESTAEGTEON WGe kupen intsridadapdistance of fednasicd acFORHEs O iBageef the an oK

st ockep; B, I; : > i ng stocker
0. TR A B L R e TR B Qg o PR bR % 90n anc
t he N@agmgensnosideterfihBd acesing td andimage biythe sndiags projacted cbrthe/inmgingeans ( not
h to t t i ' .94B, i ded at the t.i f it 94A
Seerbiyis o B Pl R R e5E Bl S RaS s Somve.
when t he



air sucking device 84 is driven while the gate 86 is closed, a work Wfrom
the work holder 22 is sucked into the collection pipe 82 through the o
switching device 72. The sucked work Wis guided to the gate 86 through the
collection pipe 82. On the result of neasurenent of the collected work W
the directing device 98 directs the tip of the turning pipe 94B to the XK
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 gu : : { ng, pi T 3 hS col | ected
in twe(g%r(écgﬁl) eé?n%%tﬁggﬁﬂaﬁ ﬁéasg{l{% 12,[9)012&%% %é‘@@veépgp%&}x)\gl@\}é (p%ﬁl ng device
72 sergetted/e thedmagieg tlsmefte Wberk thedhmging22vicoistused fodedgpihpend Gurfanel t o t he

col I ecti on pipe 82. The sw tching device 72 conpris a.slide blpock 94 as

< ow s acher B i hE o iions op R dudiCisass in Rttt *Biens R gt o col y

acr 0gge bhde ifices Vh fiCitnagingtelnenbiskictohmhed addrdidd® lidge bf e lndRes i s driven
b5y driving nmeans (not shown) to reciprocate between a "feed position"” and a
"Scol IPEQIEGtethohis imagipg clemgnty h & thisaannst, theepopitignk of the indicgeBrojgcted o8 suppl y
pass .98 | S5l :

col | Z%H%gl%gges@g}g@& ar g%gxgﬁﬁgxié’fggm%%go '? Etgﬁfaz%]%mﬁ?ypdgﬁzéagﬁh{gﬁ%@ﬂvgr k feeding
devi oa tE8p@itibntad ohdef thelnders.i obhepj ppositionadf thdentewatidmerer deptet ofithe devi ce 70,
respectively. .According to the switching device 72 caonfiqured as descri bed
oy diasgh g s BRg e qlemint S g SR ol B {imiredalitslE {on .t he

I NnnepLRelity PRB4N of the fiRitioR bK iR GhdéRland thedn@ginp ecdl€ @fd RASSIBASaPbrigRBALINI cat e
with each other. Then, the work feeding device 68 can feed the work Wto

the Wt inaghigedomend.  Hyat {spthe gRagisr hasdputsriliamatersentey dways hsldatafised pl aced at

the : i j ti.Qn. i r i r er 22 and
Che ggﬂlbx‘?ﬁédagﬂ: S dehberal AdionioR Qﬁt Pednl ANRL Mn&ing:]éei'?né’@ htgen{)m%rﬂe ol W

ection passage 98 comunicate wth each ot .
f r omdidmetenmehtchislabieays 2ocated at d fixddpastione c Oadhd etherandydhkdistandedtan ng devi ce
70. The. wor k or ter Mijs.held. as La jntain f 20 umto 50
(i bR B P e Yrleh i Rt PR AL S RO R e S o b ontll e

t he wokhe iWdexraréraqt@indd, fi@posifioh BNEE odicpdRieter Géntéranlthdinmgi@eledneh: "M whi ch
does not inconveni ence_an air sucking operation during work collection. 20
he c@be plepdfishdy delapinpaPine A eaupkdistaans Arar the deiegmincdingisst-er [h¢i a whi ch
CONPIBSiHieH ofhE oBlPRlatelr ESidrian bOBGEMEEd BB Qhtek BEa WRIKpRGhger 22 is
partl'y exhausted. The control section 20 controls the individual devices
consttiough thg indieessi Feenythgdwsi detpratingd pesition afctbe putchdjameierepnter &isestognal s from
the ar.i [ 1l Vi I, P ' fven of a
wor kaogiaglg%ﬁ%{a@ut&é ﬁgf%‘?%égg%%?e glﬁggg%%%@\l%letq ﬁgﬁ%gf@%g\go ﬂn@ggﬂglﬁrﬁi%evi ce 10
conf itgbe detemsinetescri bed previously as well as a neasurenent principle.

jrst, initjagl settings are.made. First, the work.feeding device 68 is used
B Feed o RarabIvnE SSERE of PR eaairtg e RS nE S e BETY e t o t he vor k
hol defveAioh dich@le @W oMW irinér dibMeRy@imeRsioN talculiengt sidp dFidefeRiniMa3heinndd i s | ocked
on the stopper plate 30. After_ the nmaster 30 M has been fed, the air supply
devi ¢chameter; dmgpsioneef thewetkAsrording ip ak i8esg of the ipperdipmesgrpogipnef hepassage 38
of t . plied conpressed air is spouted fromthe

enti p’gor}é’%%&é?%e@ﬁ% érgiﬁl%-%af:%ﬁrg'r peri pheral center of the work holder 22 via
t he por ous Footlsr, B¢ feraby, shecepeats gfebadizeameasorinfokthed atverdipgstoghe present t he i nner

bsr ! qg\?ern%lon e &d% " rr?gtertbggkﬁlr\gsrsﬁre%wdggc r%ga'sufir'l:g step <:)Lt5 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



For the master Mfed to the work hol der 22, as shown in Fig. 3,

predeterm ned size data has already been obtained, i.e., an outer dianeter
di rension DM an inner dianmeter dinension dM and the position of an outer
di aneter center OMwi th respect to an inner dianeter center |IM have al ready
been neasured (in the present enbodi nent, the outer dianeter dinension DM
is not always necessary). The positdjon of the outer dianeter center OMwi th
respect to the inner dianeter center IMis obtained by setting x-y

coordi nates on the end surface of the nmaster Musing the inner dianeter
cent QimdMoaSrtheGRQtLI nate center (0, 0) and determ ning a coordinate
position OM (err)x, (err)y) on the x-y coordinates. Further, a mark (here,
a bl ack trAseadingto fnapkesent invediicm theptaridganiaterdif thecyorkiis measared vehiles f or t he
set x-y coordinates is, provided.on the end surface of the ter M

& muAREBIR PP BROT R, BESRRLCBRCERE TRSHES AL Be gHarREeE YAt s ¢ he
knowpalfddze “dirndcroMeteetM TRE, thddter didnteter(i€ fichdkedRhild@e WRSE Bibefngom t he
keyboard 62. The inputted size data is stored in a nenory contained in the
aritha8tic processi ng device 60. Wien the predeterm ned size data is

i nputted, predeterm ned neasurenents are t 5 executed on the master M
SpecigRIERIDESCRIPTRIN OFEHE ORAWING§Cction 20 outputs a drive signal to the
illumnating unit 56 to irradiate the end surface of the master Mw th

i |1 um nat i Big. L isghblockdingramyschampsicalbnshowlingseesniigwraion of g yiza measudng ve si gnal
to t . rivig ' subject the AF lens unit 50 to AF driving.
Spec:El Ylggﬁ%?%d\{rf#g ailr%hﬁtoggs]%‘ehﬁit 50 is subjected to AF driving so as to focus
on the endFiput isxclock dihframralsdneaticll jnstlodringna ddndigwatibn bfd werk rdcividgien, the

CCD 20 canera 54, images the focused end surface of the master M In this
Pase sectign epdafeerinsng colecting $66itngul ar area A containing an inner di aneter

portion m pfg_glfgeanrgg@;aggto?dﬁwﬁ@q&eacﬁlgge@n the CCD of the CCD canera 54. The
i mage processing device 58 executes image processing to determne an

i magi ng schige4 B @gplapatorydigwing fey ancarigin sHingHeetie according to an i nage of
the inner dj r I r jected on the CCD of the
CCD camerag@zgg%\ %‘E@Bi‘ﬁm@”ﬂ‘ géﬁévgﬁéérm%%ﬁgﬁ %lﬁ&gM of the master M
The det er nFiged is aigekndjagraml sehematisalbit shioaing scdnifiguraton ofyancondr alianeeteri n t he
arithnetic processing device 60 as a constant. Further, the inage

br oc 8¥BPHYEFEH e 58 execut es i mage processing to determine the position I M
of the inngfg, digdRbRsectRAbIO eWEhdviy ABSHRNrdion Bf & Rerkkdaaesréhpe t 0 the

i mage of 30 the inner dianeter portion mof the master M projected on the
CCD. apgganéppedieientis shown in Fig. 4, the image processing device 58

execut es | FROS i PHHAGHRIARE drawilR!rSH M difid Uil hERSA Adofng BG diiydXi S for (he
X-y coordinates set on the end surface of the master M Tromthe position
of t lembpdimient;V) projected on the CCD and 16 indicating the direction of

£ bt or m R ek Bl B SRR it Pl RO VBN wRRF Thc T rner

di amaterdiag fd se tofd dotedimaiter M and ext endi ng perpendicular to the y axis)
of an x axis fromthe positijon, Ig{log1 the i nner di ageter center of the
master M THatl i5an explnptpgyfea kg dudhs pgein sciag msthod gecordiag g thadérdpr ocessi ng
to dehdolinat he position of the x-y coordinates on the CCD which are set
on the end surface of the master M Then, the inmge processing device 58
execut es | Figél praocaplenatorytdsawiog &orra masteriaecording 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.



position of the outer dianeter center OM of the master Mon the CCD using
the determ ned x-y coordinates on the CCD and according to the position IM
of the inner dianeter center of the naster Mon the CCD, the inmging scale
Z, and the known size data (the position of the outer dianmeter center OM
with respect to the inner dianmeter center IM. Specifically, the x-y
coordinates are set using the outejpdi aneter center IMof the naster Mas a
coordi nate center (0, 0), and the coordinate center OM (err)x, (err)y) of
the outer dianmeter center OM of the master Mon the x-y coordinates is
knOWTHETFREFE R KED EMERODIVENGS FHOW CARR AN PO UTXEEE IS VENTROR 15 processing to
determ ne the position of the outer dianeter center OM of the nmaster M on
the CCD usWilg refieengriodharasempsnyngdav inghaicsesiptan tilk begivematiprafsoied di ng t o

t he i M det er mi ned by

| gl See AR e P BT Bt o RbA e bRl or o et er
cent er OM Higt hlsradﬂ@cémagrmtsummannzﬂry slinwngtaea*onﬁgm’aeom oM firsand t he i magi ng

scal e Then,. the im ocessi ng device 58 sets, X-Y coordina tes 20
Biroa SRR a0t AP EEer G oo BEFePOl TRRTEA  He JOYBIT e

posi Hx'aWﬂngOE sIzB%e@bﬂrﬁlrg ddiiesred Rdcofddny @rth%ﬁgnt tRBodiRehas rerl)"E Mﬁﬁﬂecﬁs an
origin O(0, O The initial settings are thus conpleted. Once the initial

set t Phayoskirecaiving bestion 121a9amABIRR Seesion d 14 MeastEng wetion 16,2 werkdeedingcol | ect
t he Eﬁ?cféo‘?l tMgfse mntfkeamp ﬁn@%i&%ﬁox@ Then, conparative nmeasurenents are
en

sequ e usr ng master M'as a ref erence. 25 First, the control
section 20Amshqmtm Fagsdiame shgwatk receitihg seotivk 12 eedprigs dmdrlcholﬁ& 20 feed a

work Wto the work hol der ecificall t he shut.ter | opened to
Pecaug BOIA BN ML ksl 5 geamed Hadre b BRaRIER L HEATE hol der 92
one ByldeH . is Mlirddhicslly foffRed 4rags séme&}qugdﬁe%wi b&ﬂ&tQS\Att&ﬁlbtﬁﬁ 2@eVI ce 72 is
pl aced at the feed positiaon. Accordlwg A the feed pipe 76 of the work

f eedPHendiRg YeEacRlY ffom 2 Basgedt edhe york, RueaSrerbis lrﬁzﬂe%tome IR0§F k W

supp r Re t its own
wei gh%r%%ﬁgof??%w}é\% %A%?\?gg g \%\%Péﬁ%ked ggh‘;{ehggtg Igﬁilté at eEtng& R)Af ter the
wor k a Wweasnd eefacé eﬂthe twoek hd)lders’ﬂpp pyevertvthe msetedi vaorki fW \ﬁrem fabingu pbhey

SOTPLERRSIARL 0 LSS R OB R TRES R S BV B R 10,

| Nnnetendal | Phewatk Wehieeted fto tHaavorR hisldBOLXiRds itd Zowdr@nd REkaDSOWS sgget 34. This
centripetal action holds the work Win the inner peripheral center of the

wor k Pl FendipthusprerentehEomddting.pet al  action of the air holds the work Win
the work halbRE a3%.in ‘AQE B%Tkp}’é/d@éﬁrdnw dﬁH{eF‘eE i AR 1‘ﬁrth&ﬁﬂér%fen?{\£r§’| aced at

the same position as that of the outer dianeter center he” master M
That of the worlehgldend2\sore Itflie?%%ndtfmén Wsrirwergindép cager Hif fpyworkdglder 22.out er

ia h t he master
i “TERBHanSAN REne¥bAGLI Titlelch il B4 Hncl ARt R8P0, Mol f ace o
t he mppky&Naheél%mﬁatpkmlemmlncmwﬁcﬂem mﬂnedqmcmmnﬁg;enphamof tha die-imholan i nner

di a |on w Oof th wor kK W.pr.o d on t the CCD canera 54,
Cha 5 2l obshe SluirSrente it A0 Resons RO PEe Khal Sup L RES TS it B det or i me. L he
coor gbrﬂﬁﬁlﬁlcﬁ)@&i the(a?flsupary ):hz%eltmﬂdn%a tcdthaweebeﬁp@\extyedf theNverk the work W

on the X-Y coordinates (neasurenent coordi nates).
holder 22. An air supply device 42 is connected to the air supply passage 38 via an air

T2
h

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



I'n this case, as described above, the work Wis held in the center of the
wor k hol der 22, with the outer dianmeter center Owv of the work Wplaced at
the sane position as that of the outer dianmeter center OM of the master M
Since the outer diameter center OM of the master ~ 5 Mis set at the origin
O (0, 0) on the X-Y coordi nates (nmeasurenent coordinates), the eccentricity
w of the work W i.e., the difference between the inner dianmeter center IW
and the outer diameter center OWN cHn be deternined by finding the distance
(=(XI""+Y12)iiz) between the origin O and the determ ned inner dianeter

center ._The | mage ,processing deyjce. 58 cal cul afes the eccentricity cu
accorpé?dﬁgér%neﬁﬁgp o aet %ﬁq%g%%géfsﬁgﬂe%&vﬁng © (e&Fss 4¢Ia}‘8 t he inner

di anetappecsineaD. | WiederVeatswa[ 48, W @8 dorirea i 0Risthpperatp a0 isb kofd 1642100) of the
origin O Thus, the size of the work Wis conpletely neasured. The neasured
si ze 'Hagap 4G. ~dhe compressed @ifespowted iptoyheg wark bolder a2 ingxhaysted giha grerion t he

di splyaym@4emedsalgso, printed out by the printer 66 as required. 25 Further,
when the neasurenents are finished, the control section 20 outputs drive

si gnal s t o Tthhnémaging edsiion [4luses e 4 CI2 timige hr exvbsurfacodf the triastgr Meandce 70. The

k Wis,¢lassified lected in th lect tocker 90 di
o o tory SRR e fon RBNGE TR, ireRauhs bRTPR 4 1P CHERTT 18 Wibck 04 o
the s30, b AERGVERMINGS?2/2 CCH dameedls4, and eilbalihazigivai 5posi tion to allow the

col l ecti on_passage 98 and the inner cﬁgi phe%%of the work hol der 22 to 30
comuni cat EneAFHeTsaeH Setinimstallaha predeéerminedshigiance helggthe wogghqlderdei ven to

suck 1 : I i ssage 98
R e L e S e R i g

gui ddetld in thhworkadtokde8@2. TAropticahaxislpf the AT lgnmnit Xais 88hégondlrtovlerendccor di ng t o
the result f rement f,t wor k .. i the work Wis OK, the 18
tip o?f#%ee&ttg?ﬁgﬁ(ﬁqr&asgﬁgl ?edmhtﬁfé‘&oé%hc%,y%ert Izé K stocker 90A. On the other
hand, if thew  divivg enii\§Z subleetsttho Abfledshaitt50ne AFgirivingao 94dds iitcondhe ect ed to

t he NG st ocker. 90B. ter the turpin i 4B _has_be t.urned, fhe gate 86
o opieatrtEss g heont chprion s dfle fB el pe BHEAE SHEBBRBES hewor k W
in trt%n@ﬁsést@&ik’tﬁﬁce%c%s&ﬁngts%ﬁso?@o‘i%mﬁf 08, e ARSs hMESORskbjWiksiocol | ect ed
in the collecting stocker 90, a drive signal is outputted tothe swtching
devi cAF gdviagatordiiite ¢istanhe mrasirkmont informationgan the fisiagcedevheendzarface t hen
noved fttﬁ)ertng erf %g“%%iWi on to allow the feed passage 96 and the inner

peri p(hery of "tthe work holder 22 to comunicate with each other. Then, the
wor k f eedi thed®ID can&8 58 éeaippartadena ke bkackéitt28Btthehannruk2detetalin?2. The new

work Wis then simlarly red and .coll ected Thus,_according to the
o6 YRRV i G Dhiedty 0 TBE ARHER o€ RuasBottns CoB RS W can B ful Iy
aut ongédoedhdly, thedCDyeafain&llin th)dCDUahred B picksinp Beimagd of tie@nde@sdse ement s,
the work Wneed not be rotated or npved. This elimnates the needs for a

POt at 9frike maeraios wogk Wachlygrdly the AHESRSMEYF the work W Therefore, the
devi ce can S 3 : 1 I - it is
unnecessar yﬁ?g@%ngttlgg)%@ ?ng%g ﬁ%ﬁgﬁ&%ﬁﬂ ilgl’?ﬁgﬁ? éga\?\gtlrf%%w g%nm%}a& grrgas ured
easi | gr vordl Wheldpo the. wagkholder 2dore, the work Wis held in the work hol der 22

in a non-cqptact manner. sequent | the.work Wis not rn_pver tinme and
canal ways e T SO Gart s TAORH Fortegsys SEA hier Progoune e ieR S€ B er

per i piifdrithibtid fiBcodsih ddVites60. O e liMaghoirotdisidy dPassSI PProceashiamenhd ects can
be elininated to enable the work Wto be al ways sugﬁorted in the center of

2he wigraee Rbihgend surfacyRE themepsier M arewoibr ' impesPydhaa(-® weeppShtsur ed

accur I 13aTeTe ] ;f}‘?&fe : : K i e n the end
surfa@%atﬁ'{l)t thte eoctr?n&g'? 2?@&82{5 ajrerleansfc or fsé%‘%v%ﬁg {\ Ecegrgllnggg%hlgon of the y

axi s fnmgeiphecessey detepthe anthinetic pwicesingtderice fd detarmfiacsshoéccemeicitpsiitbe M The
met hod for jidentifying the directiop of the y. axis is,not limted to this
nopectioria d fepBpaitb2itedanced T RmAs ool levies & Ao ekt ar i on. 25
Now, @dlefldy8d QA arinter 86 aftl A& toRhetedtd CRNiBRBRIrERREIn® HevAcesS6 (%R Measuri ng
devi ce according to the present invention. The size neasuring device 10
@6cor ditpe devicehe Hurthen theptidunatie procesiéngcdovise $0 gbutaias amemmagy Gt rHWn) t he
eccen{hrgsgi Ly of R he v&i W However, the size nmeasuring device according to
the p B5ENE Brr%%&?%% lasures the inner dianeter dinension dw, outer

di amet er 30Tl WeRTeaingdMid canettag edtiohilifteds whdéollebe theow dek W, Thig si ze
measuri ng_ devi ce according. to the second_enbodi ment is conposed of the size
meas ulVPHgfCEEDS 2 crlieeind Siefianol & iR eompesst Ob#OHT KeHRS SSUMMPRIR WHKout er

di aneter neasuring section 100 is added. Fig. 6 is a block diagram
schematically showing a configuration of the outer dianeter



19 nmeasuring section 100. A shown in this drawi ng, the outer dianeter
measuring section 100 utilizes the principle of an air mcroneter to
nmeasure the outer dianmeter dinension Dw of the work W Conpressed air
supplied by the air supply device 42 is supplied to the work holder 22 via
a regulator 102 and an A/E converter 104. The regul ator 102 sets the
pressure of the conpressed air supqgied by the air supply device 42, at a
fixed value. The A/E converter 104°lises its built-in bellows and
differential transforner to convert a change in the backpressure of the
conp J L i I i the work holder 22 into
an eF@%???%?éscl{%ﬁg(ﬁ%@E‘gﬁﬁﬁ@ %%gcﬁg?{&gﬁh%@“ﬁg{ixéﬁ{’%Ut s this electric signal
to the ari Thowoikdeqlingdssiered fekalsiveoekHOW. toAe amaslireditotthe wWbilshade@CRohe si gnal ,
t he ﬁrithneti§l roc Ss%ﬁg devi ce 60 cal cyl ates the_outer dianeter

di meREPEN oS RENRFIE- vt Worlfeedipg device a8 is cempposed ofp gartsefeedsr b2 | e menber

106 kRdpigeaIgshutier 78)@nd RRRPpR0! Phery of the work hol der 22 according to
the present enbodi nment in place of the porous body 34. The nozzl e nenber

P06 is, asThhpams feaderT4is connegteditotheifeed pipe Tolorfeqt! ssaeenbially works|Vés 108, 108,
I DAl i r.al t four locations at equal intervals.
15 Coi@‘%srgggns%%o%}%e?(x{s&g%ﬂﬁ%@dtgtt%es@%%&g??&suppI y passage 38 is supplied to the
nozzl es 108he f£E@Bpipe 76 isvcomntdual taithe swifphing dehira2 ko S6de thhevotloMpfeddyed air i s
t hen spouted fromthe nozzles 10 108, ... to the inner peripheral center
of tﬂﬁmﬁ%eﬂa@eptg?w‘f@%\%}yﬁe inserted into the work holder is held in
the inner pgrsiRRe A is HRBAIRA clRe fofike M@E)Kth@@éed%‘ié)ez% 18 ek tﬁeg:amee gentri petal
action of the air spouted fromthe nozzles 108, 108, ... Further, the outer

di andegyorR Y dirprghsthe feepipsf/ 6t hdhowhuktenV§ blogksdBepassrgaef dhedvery Wbya change in
l-8s, ; . di aph
ont WAL s ERARIPEBEHENE (ORISR, (cDRRE 33 e B pipe 70,8 Wi e AP A fater

di neslsitenplkd/Z8fA hlbekswprthe fééd pipa@és uTkad igeden diestuttay plete T eprojactedhe

backpressur e, of conpr.essed, ai.r uted fr t he i nner. periphery of the
wor k TG RdFiPe 13 e OV 3t Py P S EFp s A 188 LB R R E

det ekgihsewitthigg Hevir7di amiinahe shufensiae 78avs ftrehtbe froBr the 26 @Ipdi7agthe 0 an

i mage of the jnner dianmeter portion w of the work Wprojected on the CCD of
Bhe ook Pasadrdmeehpasghireugd thewigs iy VAPt shilshplatgra A s praesicdinia thpe gi ven
of a I i , i t si ze measuring devi ce of

t he gﬁﬁﬁéﬁ%é@?ﬁ%ﬁy @%ﬁ%ﬁ%ﬁgfﬁ?ﬁ&gggﬁﬁ%ﬁﬂgr eviously. 30 First, initial
settings afhe stapter 8Fisrigstalladabovmothk siiwedV itp mewlateghegBovegnans Eelling) dfeed a

master M t he work, hol 22. After .th st er, .M has.been d, ,the air
suppry M Sorhs T OB Y pa sl ee b dBibE T8 SRS RN A POty

]Pas s &gﬁkm I?Iflstbh €O the \h@kdlerdeQZJi oty mpwhmguﬂ; elamlaf 28 E&iﬂ)eﬁdd:c; all thes pg gt ?ﬂ
romthe entire inner_peripher o i nner _per eral center o ) e

s K oBkedinn s Toad o0, 28 R SE Gty ik i 22| ToREuteahir he sionber B4 on hol s
the &d. Mal dy1ihd@ (hetRBswRES LGS plojére As®pp@imdniiRr BOA lof he! & For the
mastg?&ﬁM fed tdglt he (vvork VFlliéi)))lqder 22,g 0g)redet g? n‘inhed éi ze dat ;ﬂ%gesr al r eady

been iwsBthe feedipipe 7@, | Thusethe slopper aneaihsr BOA @reseas Sné fixesvhe waek Wragainsidi aret er
di mﬂﬁﬁ?&‘th@%ng@%l%J}?ac%?{hteif%ap?ie’;é?e outer diameter center OMw th respect
er center 1=

to the Irnner di ane ave al ready been neasured.
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



Si mul taneously with the feeding of the master M the operator inputs the
known size data DM dM and IM(err)x, (err)y) on the naster fromthe
keyboard 62. The inputted size data is stored in the nenory contained in
the arithnetic processing device 64. Wien the predeterm ned size data is

i nputted, predeterm ned nmeasurenents are executed on the master M
Specifically, first, the control seﬁtion 20 outputs a drive signhal to the
illumnating unit 56 to irradiate the end surface of the master Mw th
illumnation light. Further, the control section 20 outputs a drive signal

to tRey asHids\hdlg idigcf)rdggcet\ﬁ_tﬁﬁﬁgjéé%ﬁfts 5MRe %?§ugé?ﬁen‘t'.gi:&%§%v&}nqn’%sl:gé§r i ving.

Specifically, the ens unit I's subjected to riving 15 as to

f ocusgheoworkivellestidg slavitad@ isshmphsedrrd stceledioh pipg 82part diesusking devkelds, a22. Then,

t he anera 54 im t he focuse nd.,surface of the master M The i nage
pr océ&qgigﬁgggﬁﬁn&gd%cggiéﬂ? ggoﬁﬁ?ﬁﬁ%gﬂﬁﬁ&g@si ng to deternine an i magi ng

scal e Z f orht b&lldcABPFipe BRischasttedno s witching Gevicel 7D & guddededsige of the

i nner dianeter portion mof the master M projected on the CCD of the CCD
CanePrkuWaadhe gaee khvidmhesswitching dg¥ice 724 nner di anet er di mensi on dM on the
master M ) [ ' ' : | r ont ai ned
in the ari ?Eﬁea?%&%@o%gg:gigﬁﬁgfﬁgﬂgghicsdlgcg@ sl?%%% Hea&ﬂfet e;?a v%‘?’u% i mage

pr oc escgtionpipked? tosuSdaiefremubede theagiechonpips 82 N thoswdEbepipe 82, t Tiee giosi tion | M

of the . inner.digneter.center.of the master on th ording to the
g SR i R a0 s e RN P, Rekuteheagk  BRRE RN he oco.
25 Futid Werkioldr 22,R8a ihBBFAcHNO 886 TI) dd ineek PBisenaGui®RE td Bgae@socessi ng to
determine the position of the outer dianeter center OMof the nmaster M on

the depinfeverecndng pateifdAdeanad I 4 meshris ingallediafdhe eangprtion bewepr Bie of t he
mast l ﬁ’@gﬁ C Is Q ¢ he position
of tﬁ{éa%lggéeegl zi@g?eegmggnt rp %Q/Iﬂvx,it 1?%%“6&%’? e%@”ﬁ%ﬁ?%ﬁ&%&ﬁ%%ter center

I M, verkl W passingsigongh the abléecHon pipe 82 fiohebdingnistakenly esckied dntd éheisoaids8 sets X- Y
30 cooreﬁg nat es (neasurenent coordi nate systen) on the CCD for which the

det e} L;d position of the outer dianeter center OM of the nmaster Mis used
as an ori gire guté 86 ifbrmddwerbe fizelywpendd dndaldsed artt ges86eblecks ity wdérkon ar e

carried out for_ the outer. di er nmeasurj ng.section | 00. The_ zero
Bal i BY spilesiedydhe rileseon 3 F%t%&%wog?@ @3@8&@_@&%@}%@@%88- 21 masters
ML and M2 hﬁyhﬂ&tfii?fd%ﬁﬁ@m is%hn%’cte@'té‘fﬁét%feg@tﬁ%ﬂ@ét%ksﬁ'&%spe&ﬁ@ master ML

of a smaller diameter is fed to the work hol der 22. The air supply device
42 i glestinationpracoerdingae thetrprltaoEmesshrespents-cargd ageb e the naapiringtsegipe 1ion

back i t NBsL f er .di ter, the
rrastggrpgﬁgly%& t:!rt;tgIra‘}f'jit)r@léser ?gﬁgc?g?l{tf)sgg ed t(E) %‘ﬁ%&%? Igéfﬁxglnéer '% .ndT € air 5
supplworkigthatelo4@dt nsetitheriaence ealue acdorting té\the rewmity of themeifderdattect s t he

han in ressure. The changes i ckpr ure ipthe ers M1 and
b otiecthek” B S dvfoalind oPREMATE ah QIOAGHRE 008 b Nl oPhnes 1 ¢

pr ocesspettietiowf ®e cOllctng aba@t pd.c signals. Then, according to the electric
signals, the arithnetic grocessi ng devi ce 60 makes scale setting and zero

poi nt set t g direstinglevise, 8@ Airestsing MHOrks¥ 48 the O stoekari98n anddhe NGeci fi cal | v,
the il . o devi . . . )
(bacis'ipdrde(ssur é?ecS %c(r&ggl ’est?}{ﬁl%tnl%gﬁl %@nggﬁk%ﬁarﬂr‘\gggo? 9‘86‘%?%3?3%@?% di nensi on
and Hdngeswidedathactypoissmdeir 94Ahe arit hnetic processing device 60 al so sets

t he backpressure in the ster. at. a surenent reference value, In the
tbasur omen AT Bt eI IR e BE B U ENER 8 SHFHERGCOYE vt Bl at o
accor#k fgkih® déviePFPRIdrsONwhild the lghR 86US E1bsedi AWBEEW b BRSVQR helded 7p2
reference master. ~ 5 Preferably, one of the two masters ML and M2 is al so

used i sncked intp e gpllestian gipedi dhrapghyBe quitehing &3y iseeds udBarstrked workd\Vriat e

syst em i : i5N e nmeasured

si mul a%ggﬁée?a\lﬁ%h{%gh g‘%grég%ﬁ%?\ﬁ%% gs,2ét t%{?l ﬁgg{eﬁ‘gpgfrrggﬁ%ﬁg%n{ élpeabove

descrgotiededwagkWerite directingrddiioad @ disgtss sontip bifi ehel towinirigedipes®AB fongsOKr e t hus

conpleted. Once the initial_ settings n&l et ed, 9Vége, 20 work coll ecting
PoRetdqec

( re co [
dov! cEooKer 90A Tidascork 15 0. o Qn R @UEBANGy thedi it Bedip 982 Then,
co Ry t I . e iN RSB as a
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f eedi B ks becretuG@ds the gated6as aoppnkd Wguidetthe wack W thdheterni®Ppip4Rr Ehee work W
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conpressed air is spouted fromthe entire inner periphery to inner

peri pheral center of the work holder 22 via the nozzles 108. This
centripetal action holds the work Win the inner peripheral center of the
wor k hol der 22. Then, the CCD canmera 64 inmages the image of the end surface

Y b1 N v o o Y .



30 projected on the CCD of the CCD canera 54, the inmage processing device
58 executes inmage processing to determ ne the coordinate position (X, Yl)
of the inner dianeter center Iw of the work Won the X-Y coordinates
(measurenent coordinates). Then, the inage processing device 58 cal cul ates
the eccentricity w according to the determ ned coordinate position (X,

22 YI') of the inner dianeter center,,w of the work Wand the coordi nate
position (0, 0) of the origin O The inage processing device 58 al so
executes image processing to determine the inner dianeter dinension dw of

the work Wqg Wﬁ@l%d&%e%efe?mﬁ}fe&;nngagth'e WYk ggl'd@rr?’ttg thd¥REd bi %?978" of the

wor k W projected o canera 54 and the inagfng scale Z.
Fur t bed {o theeoliectiohpipe 8. pTlacedthing ddeict 72 c@prisas slidmblotiedbasseowdi amet er

di rrens of .t.h Wac d|n ectric si | f e change in
packl! EGuar eT g PIoER o 7 RESR] £ Slno s ey 300 e Bp Fiidsgprof ey

ar it kuoek helder2eceghi ugdaﬁmm Barical bpdimiigs maardi (ﬁét%h@\ﬂﬁ)etofréc@ﬁﬂ)édﬂ@ out er

di anet er di nmension DM of the master M accordin n electric signal for a

a
Shan§etwiean Eeeéae%ﬁaré’saéléraé‘%liecapm p%ﬁbtwf’edmeﬁﬁbwdie RHEK ipBrmetheiy of the
wor k , h f t he
arit hneﬂfﬁgf)pr%%egsgs]a?ﬂga glgc?{?g pg% %@?%ufgf[éggﬁélg‘g&g%e?é%ﬁcgﬂ %Ondl mension D W
of t Ipessager 38 Al¢ cdimested tdnthe Seedepipe 76 cbfehmoltk fd\idisg davigel 68tamllyo theasur ed. The
measur duSI ze ter dinension dw, outer

di amS‘P ar H’é’ﬁg'?é’ﬁtwmﬁﬁa&e&‘%ﬁf‘??%ﬁ eSB?F“SFlyt he work W are displayed on

the di spl ajcéstdmpdo BlesWitBhinp e cons cdmigtldae aPleésotibed HOverswHepne stigd. Furt her,
when the measurenents are finished, the control section 20 out puts drive

si gn&loskP8 is placegiat ff@h‘ifwg PQEiliPR s theAnngs Peripheryit the work kalderg andiece 70. The
vor k s Gbaos LihBtnBRd il BFbEE. | TnbN B 0bk gt BRI gLy RBa accor ding
e rk Once

to th dat a ont 'ected in the
coI | ¢t worly th@thcevor@tbpldarwl V@n e gHwl hang, wb@rplht:tsbdt blockt Heis placedcdti ng devi ce

72 a aj ) ect .t he work gnt urce. Then, the
wor k egaflecélog OSIE%“ 6@6 "élgrgeréphe«?(mgf%e %%Uél? he worhl% Cﬂlcl)?cg ?ﬁageThe new
wor k 98\cbmntulffatesiic d:aah lomefreaﬂun,etﬁe aviotk Bofrdractiecwlork holdsy 22 b &l ze neasuri ng
devi ce_accordi ng ﬁ(o f rese@%@ enbodi ment enabl es the 25 neasurenents of
Phe &oResteddn shfeterk callerting 96¥CHA-and i nner di ameter dimension dw of the work

W si nul t angauslovk W driindste MBARI @RS nfinidiR @ g8F 6L ih &b 50 uMfbefplichher, the
outer dianeter dinension Dwis neasured using a change in the backpressure

of aiitselfigmtithe mrsumrmhprytmhwpnk hpldecdhsequent |y, the whol e device can be
sed 1o spEta e FPE TR BT R B AR @ PR Rl BY "B5" However
the RGeS iivRdYenikhcatly albeudltSr%Cbp‘cmﬁﬁduﬁn@@vbrka@lléd‘nion.
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.



the case with the first enbodiment. Alternatively, the size measuring
device 10 according to the first enbodi nent may use the nozzle nenber 106
to spout air fromthe inner periphery of 23 the work holder 22 as in the
case with the present enbodinment. Further, if the nozzle nenber 106 is
used, the number of nozzles 108 is not |limted to four. At |least three
nozzl es 108 have only to be forned.SFurther, in the present enbodi nent, the
outer diameter dinmension of the mork Wis nmeasured by detecting a change in
t he backpressure of air spouted fromthe inner periphery of the work hol der

22. Howeveigor (hBenadtd} K feﬁit@métv%rk %l’ﬁ@rg?i, sty ntif i ¥ é?gér%{t ndi§jreasured by

detecting a change I n the ow rate alr spout e 1 niner periphery
of t [etawes kir¢adly deen @Rainddwe., sresuted gismetar ditehsitieDgi aremnefdiaméttd r d enbodi nent

of a size. neasuri devi ce.according to the.present invention. In the first
embodiHENICH ety I eg HBE oLan T Mg St QM TN RAEOGRIHIR of t he

neas Wipisditiceiteplfhdve b eflyHeeimaiRréiein ﬂhﬁﬁf@eﬂt RebOBISIeat, thd Judg diaaResr di ameter
di rensi on. dM of which is known and for ich the position of the outer

dfi amsirmensiciride fs TOVRINAYANPESPB0L to the inner dianmeter dinmension IMis
known. HOV\@‘}{QE)osi%(H;[ (%]tﬂﬁe Bﬁtgrgﬁg'xrn?t@t Qeli; @%N/i’th %%&P%Vmei eg ?igmgt!&xg({en%r the

i magi ng scal e”an e origino e nmeasurenent coordin em are set
usi ndutihebtamast By seMinghey coordinaws amtiteend dunfae of ¢ rodsteoM uing theiisneknown (t he

tricit t he i di di i.on |ce, d the, N f th
out SR RITREFE betrtsoothials SN SHHauEa e HRR Bh Che oy ce and
the Bt feNGy BB4Gel. OF Fulrfher, Wolidfk Wedd & btla{'\&/lﬁ lﬁ%gﬁlaﬁﬁmam?%% ich ifngﬁhef' rst and

t
second” enbodi hrents except for the master 20 Accordi ng
the s c dirpttiomrofiai jl dxidfer gievsetrx-grbyrdoihtesist froddedén hekehd sigfack ef theragstagMscal e and

th t di t First, th k hol der 22 s, li ed
with & s SEROHACERLY WG M SARTEO TR DRTe M P ePTRE PR NHIOMA S5 L he. vior k
hol deftadPy Wi gnd s, By 9&&1?%2@& o thé REPBEdY2at Thdthpuddifiize dabiisai r supply

device 42 is driven fp supply conpressed air to the air supply passage 38
of t ltorgbingonemery|caataingd in the jagtharetic Prasessig dgvice 68 hol ds the master Min the

| nner per i Righahe GRAk L SNSINBK K AALA e Rl frcpduBmélfiser M the outer

di anet er di nensi o I nner di a di nensi on are known
(% he esedugrd whi therptager Mi. neSpsdifenliPMidss theatonadlvsaytionr 20cuitpued diie signatitoas

descrj bed above. operator inputs the. kno | Z ta DM and dM on the
et b FRBTERE b R &g BoHRl e edicties it BAVEr ot B iuanth G881 n L e
NENDIRarG e iheicbfgolisBetion@0dutgubyedrive sifnaC©Ihé AP dﬁ@iﬂg%it@@-to Whgdrt thae
predeterm ned _size data is_inputted, predeterm ned neasurenents are
execytiolgnopnit HetondE deyings  Sprerficelly Ahq HF lans uayt 50 ivsabieeiad fonF deikingsn 20
OUt PUE $o Rl by e Sh@N@Fack Bf 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

o
W

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 Iy 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 (V) projected on the CCD and



24 the illumnating unit 56 to irradiate the end surface of the master M
with illumnation light. 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 Il ens unit 50 focuses on the end surface of the
master M Then, the CCD canera 54 inages the image of the focused end
surface of the 5 master M In this 1§ase, as showmn in Fig. 9(a), a
rectangul ar area A containing the |nner di aneter portion mof the master M
is projected on the CCD of the CCD canera 54. The inmage proceSS| ng devi ce
58 r t r the inmage
o o] B e e e R e afy Molahg el fEA A SERME: el 1011 on
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port [ he CCD. The inage processing device
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58 then stores the determ_ned pgsition MB in the menory. As described

28h ov EneagHEmentoordirate sysiom) onphg GCPfos w@%aﬁw positiog ﬂ@hﬁe‘ﬂtérr di anet er
cent gfand %\é&b&t@r'dwﬁh@%aqtem lfshheecﬂ‘as&ﬁ%n Q%%EM? owing to the centripetal

action alr. Accordingly, also on he naster M always has its
out er di anEhemitindsatengs@rg qbusamnpletcda @uocéhle mgﬂ set@mgs a@nctmhmetcxt er hand, the
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posi bmﬁpwmivetrh&smmmsdrmgshmxamemh@arustﬁlig b8 ntabt@rm@aqaftrd?ﬁcl dentified by

i ni at an egual , di st om each, of the
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Heterni nedlg‘i“ﬁdg? CONtEphBgclpn 2@ ARIERIS ajdeiye sigppl to dvquéeedgﬁéﬂ@m 6309y, as
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Cons squcasyxedtth hegomdr perpheoy oftthe wotk knldetiZdeee by ooentAdrthidkimeathe be

i dent,. d di n rcle,S passi thr h the,inn di ter centers
v, SOt onhe Sitbofhacte e Fa Rl AR B R Sobn et EheaBERE Tage
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30 The work W supplied to the work holder 22 from the shutter 78 falls owing to its own

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



15 center of the master M as described above. It then sets X-Y coordinates
(measurenent coordi nate system) on the CCD for which the determ ned
position of the outer dianeter center OMof the master Mis used as an
origin O (0, 0). As described above, the imaging scale Z and the origin O
of the measurenent coordinate systemcan also be set using the master M
only the inner dianeter dinension of 20 which is known. In the present
enbodi ment, the nmaster Mis shaped 1ike a cylinder. However, the naster M
may be a cylinder having a circular mark provided on its end surface.

Furt hefishdrtd iR8 5 LHBR A ut g . di amet er
cent g'r %J\/I ?g 1| d%rﬁ{eiﬁ??égdl ngéggﬁg?ngrkaﬁdgﬁf ??Zlasthggglgpsn%%hgéug Sthe i nner
di aneertripetelactips holi thelwk Waincthe MBerprttipBéral ¢earer of theiwtgk hbideczint er of t he

circle S. er, jf e.ec trici wM of_«.he_ nast er i nown, the
posi tion owr\{%ﬁ\éheocﬁf’{élrpegpgﬁé (eérﬂ?] iaﬁg’rﬁ)@éé e%ﬁk Q“Hbe‘&%?é‘f’meh%l&&s descri bed
bﬁl owyorkl W g@ itsheutde igammet Qe ret @imp:latcyd u\u\tge Specpdsitivalak yhat afthsbeen in Fi g. ) 10,

t he outer dianmeter center i pcate i stance WM (eccentricity
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circles S1, S2, and _S3_of a radi us wMm centered at the I nner dianeter
cent ers | MThen, ¢ shawminFig 5, thed$de camerh p4 images therghidsyrfacepditet wark Wihi ch all

thre ircles Si1 2.~~and S3 neet. Now, description will]. be gi,ven of a
four?’ﬁﬁe ga %ﬁlo@? %% s%f%orﬂlgég‘?ﬁ’} lﬁrbagﬁgg?rblémerpcé%m%gc%qr{i?'hﬁ O?H’Ct he present
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'scal e and the origin of the neasurenent coqrdinate systemare set using a
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end gphtaGEoaRdwbAr Wl RO XL PeostuihAl ¢ledsultflchE&Iardilied) Ndi ces and the

position of the outer dianmeter center OMwith respect to the index P are
known. The Izt ¢ages e dessribask aboke tepewoikeV ankeld retherserterraf e werkholef or t he

wor k W ?gg tkﬁﬁ%ﬁl&%?%@& &t QISSW;%? tﬁg&o&%ﬁ%?ﬁc@(ﬂﬂ.tﬁe&g{é%g 004l i t”g%}?eexcept for

t he mas ccording on w iven only met hods
of seluter dintelg cenraigDR9f teahxsteaM] tJigcenbasweradimnétecaatet OMbEhS wRk®RM as i n

t he se with the third enbod gent,. descri bed above. ..~ First, the work
ol dOR Tosst P EBRCLLD. 0 T8 XL OmiTaes FRESHESHD! B AOuSRd i n the | nner
28” _F%B@ernYri&(fy & BEm¥Riokc Wol dethe a%fe‘ﬁéxkg bbtgz%_eﬁ IR e KRR ct & 15 taRRRT Pl ate

hen, the air supply device 42 is driven to supply czorrzpressed air to
t he auter diappetey cprtes@yecadde gbterrhigediby Rndiog therdisance THIXS +YeNT D bgweed  act i on

hol ds, t he . ter. Miin the .inner ripheral center of the work hol der 22. t
S Her%?fj o%@?grtp%%eée%%%é?netrhéan%g%tcg&eﬁ\)la“(imi ch has two indices P and Q
fornmed on iThs i fodchasedevadedsicarculdtiseie dcdoentdtist @acrdinpeimeen the indices
and the position of the outer diameter center OMwith respect to the index
B ar deerigingd iceordina. povitign (%5 &prphihegAngsdiamgser 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



position of the outer dianeter center OMwi th respect to the index Pis
obt ai ned by setting x-y coordinates using the index P as a coordi nate
center (0, 0) on the end of the naster and 20 determ ning a coordinate
position OM ((err)x, (err)y) on the x-y coordinates. Further, a mark (in
this case, a black triangular mark ) indicating the direction of a y axis
for the set x-y coordinates is provigded on the end surface of the master M
Si mul taneously with the feeding of the master M the operator inputs the
known size data LM and OM ((err)x, (err)y) on the master fromthe keyboard
62. Tpefituidierpipt 4B thatiRcies t2the SKDstOcket P0A heORRIBNerhand, 3 thedotin t he

arithpetic E’éocesm ng devi.ce h0, Wen the &ggdeterm ned size data is
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i n t hethaamkiching devic2?2 aghlien Thblaﬁdm&mwme Seitdhirpgireick 12 i tiege of the
focused end suyrface of the nmaster %éhls case, as, shown in Fig. 12, a

r ect APRYGA S0 thedeed pasitign tollomhge f95d pﬁﬁasec ang the,ines periphery PHIEHPON t he end
surf geRiePh2 I® i&he Wth SadhoRet C U AibnOfRe WSk febliin fde&l@@é%%l &A%y a 54. The

i mage processing device 58 executes | nhage pr oces ermne the
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processi ng device 60 as a constant,  Further, the E&%?ro&r ocessi ng device 58
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e d i d t d surface
b RS oo kel g oy FuspRBESHBSER v Rinelp iR, 10
and |mdieca2irmgndm®n¢hct mahnean Odnstduently, abe work Wids norssgen pyveptiesandgardevi ce 58

al so exec tes i ma r ocessi o.determ.ne the directi i.ng through
he R1E% BB TR TR ARG Lo l8 pRATER AT ELY B L PHEPHFrL B BB R axi <
f r ombdafly Refihb® Poskiblé RevetRAESCtE cai i clininattd'® dnaBE ehePy IR B & g devi ce 58
executes i mage processing to determ ne_the position of the x-y coordi nates
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L mag evi ce 58 executes inmge processing to determ ne the
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o by BB b ¥ RSB NS IR Ml
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



28 the shape of the indices Pand Qis not limted to the circle (~), but
any ot her shape nmay be used as long as it allows the indices P and Qto be
| ocated. Furthernore, at |east two indices have only to be formed on the
end surface of the master M More indices may be forned. Mreover, in the
present enbodi nent, the direction of the y axis is identified using the
mark . However, the nethod for eﬁjlfylng the y coordinate is not limted
to this aspect. Any other mark or the like may be used for the
identification. Now, description will be given of a fifth enbodi ment of a
Si ze [RAsKKd ReeMIce paeMndh Bfs &awidehRbEREBanleRY %{Ha&mo stdliohBo Pr esent
enbodi nent, as shown in Fig. 13, the inmaging scale and tRe origin of the
meas Uitiderihe patiple ohawais preremeter © measurghaRter dea,rmtmmmcmmrr@s«wé thewhi ch has
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the il P‘é‘F mﬁagore P Har Pand Qformed on its end surface, and

for which tmﬂusdta%éa;@@mwn aqilwanbmmaﬁb@reméhmkﬂ@wmaeuﬁxeld The oper at or
25 inputs the known inter-index distance of the master fromthe keyboard
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centripetal action of the air spouted from the nozzles 108, 108, ... Further, the outer diameter
20 dimension Dw of the work W is measured according to a change in pressure (backpressure)
between the nozzles 108, 108, ... and a diaphragm contained in the A/E converter 104,
As described above, the outer diameter dimension Dy of the work W is measured
according to a change in the backpressure of the compressed air spouted from the inner
periphery of the work holder 22.

On the other hand, the image processing device 58 determines the inner diameter

w
(¥]]

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



Fn this case, as shown in Fig. 14(a), a rectangular area A containing the
indices P and Qis projected on the CCD of the CCD canera 54. The i nage
processi ng device 58 executes inage processing to determ ne the imging
scale Z for the imge projected on the CCD according to an i nage of the
indices P and Q on the master M projected on the CCD of the CCD canmera 54
and the known inter-index distance g of the master M The determ ned
imaging scale Zis stored in the nmenory contained in the arithnetic
processi ng device 60 as a constant. Further, the image processing device 58
exeCcUh&Folk IRUR: P Q ' r g i b j i’ on the
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P and 0 on TohdeARsEEM il P e pd B, PRHEF RS S bty el

Ci r c wistatriedni é. athe citeeditine®r ditnesdionD,q the r@gr dikdete) dinfdneion df,HendGed canera 54
is used to %ma%e t he image of the end surface of the master Mwth the 15
posi tPOFHE™ 8F e RRter HAMEISE Costeru Wik Fyspecl P the et diggetep FIREdyPAY devi ce 58
exec 48y BERAteRue&Essi ng to deternine the position of the index P on the
master M'projected on the CCD. The i mage processing device 58 then stores
t he det er mSiraeitaneeuisty with the feqsingras s pastaf ethe ppreatorinpntd thedenownesinent of t he

posi tj of , the, i ndex, P, the st.er hS..re d-fromthe work hol der 22
Doat oy bR ) op R iy MenBdeBRPeS i el st 8”20

posi tsipébinQhe fbRoty Ebnta@fedFn 2% MnRtictpheeessisd @vidMebel d in the work hol der 22
‘to shift in the circunferential direction again as shown in Fig. 14(c).
Then, the &dmndbmpredetenined sizeetatais inpitied pedaicrminpé meawgmants athe end surf ace
.Of t Qﬁem&r tth\Q%tEM h% g&ﬁéatllg,oﬁﬁt EHe chn@ol'sggloﬁ%.oﬁaﬁ% %%Q&%aﬁ}a' fted. The
i mage processing device Bg exedut 63 I mage processing to determne the
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Mi s A®leds iufiit 5@ A®ARviAQ! dSpecidiCally, ke AB1eRK usit S0rBtsebjeced teAF QWing s@l ways
held at the fixed cgosition owing to the ﬁentri petal__actjon of air.
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between the outer dianmeter center OMand the index P is invariable, so that
provi ded t Aae imagelpeessssingdavicepBixequsgsdmage piaeessing éxddrermine atdtmagimgned, t he
posi t f 1 he ter. di r . o, : %QP n Ldentified by
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Fig. 15, .the outer dianeter center i s .ocated. at.an.equal di stance from
hoh B Qe dRP e TIOR3t G Bes ot AR SRR iBRRBE e of "t he outer
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the indices Pl, P2, and P3 and then finding the center of the circle S. The
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posi tthoinnef dibtheteopdréon ohi of nheet rmaster v peojed@d @f the KEDaster M i s used as an

origin O ( . As described above,. t i magi ng scale Z and the origin O
51 The mesdurBUEIRE, AR BOE S S CEHFE SheKPLE DA ORI T CFETHES o1
accorgé pakidich dtife A@SRAThetbeRRE OYDE tHmhdhG NOEIRNECBABRALAEM the t he master M
is shaped |like a cylinder. However, the 15 nmaster M nmay be a cylinder

havi rigsition Iy pflthe éenepdiamgteQeemenaf theomesteriM detemmined by dmege pragessingy the
known size data (the position of the outer diameter center Oy with respect to the inner

diameter center Iys), 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



the shape of the indices Pand Qis not limted to the circle (~) or
rectangle (~), but any other shape may be used as long as it allows the
indices P and Qto be located. Further, in the present enbodi nent, the
position of the outer dianeter center OMis 20 2~ 30 identified by finding
a circle S passing through the indices P1, P2, and P3 and then finding the
center of the circle S. However, ifyja distance T fromthe index P to the
outer diameter center ON, of the master Mis known, the position of the
outer diameter dinmension OM may be determ ned using this known distance T.

Specinidstead My and®®, HRenE differdnit Guted SambieLdidiehsiongdli Fet &l AN 84, O i s | ocat ed
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the work holder 22 via the nozzles 108. This centripetal action holds the work W in the inner
peripheral center of the work holder 22.

Then, the CCD camera 54 images the image of the end surface of the work W held on
the work holder 22. According to an image of the inner diameter portion w of the work W

30 projected on the CCD of the CCD camera 54, the image processing device 58 executes image

processing to determine the coordinate position (Xj, Yy) of the inner diameter center Iy of the

work W on the X-Y coordinates (measurement coordinates). Then, the image processing

device 58 calculates the eccentricity w according to the determined coordinate position (X,



data. However, the entire end surface of the work or master nmay be inmaged
so that the 25 anount or the dinension is determ ned according to inage
data. The inmaging scale can be increased by imging a part of the end
surface of the work or master as in the present enbodi nent. Accordingly,
the work can be accurately nmeasured even if the CCD has a smaller nunber of
pi xel s. | NDUSTRI AL APPLI CABI LI TY 3%2As descri bed above, according to the
present invention, the size of a wofk can be neasured without rotating the
work. This elimnates the need for a nechanismfor rotating the work. It is

thus PSSP ldfel BBl idifer fy B SRork W hiin cSd:RLE pBY Mo RITBPGE

configuration. ~ ~ , since the wo rof at ed, it can
be neagw@d easily and pronptly. Furthernore, the work is supported in a
non- cont act, manner ., thus preventing the work recei.vi nmenber from bei ng
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def ormed, possi bl e adverse effects c e elimnated to enable the work W
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Therefore, the work Wcan al ways be neasured accurately. a. 33 CLAIM5 A
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i mage of the inner diameter portion projected on the inmaging el ement; an
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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 W to the work holder 22. The new work W is
then similarly measured and collected.
Thus, the size measuring device according to the present embodiment enables the

measurements of the outer diameter dimension Dw and inner diameter dimension dw of the

[\
W

work W simultaneously with the measurement of the eccentricity w.

Further, the outer diameter dimension Dyw 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



of the hole to support the work in the center of the hole, and using the

i magi ng el enent to i mage an end surface of the work supported in the work

receiving nmenber; a work inner dianmeter center position calculating step of

determining a position of an inner dianeter center of the work on the

i magi ng el enent according to an inmage of an inner dianeter portion of the

wor k projected on the imaging el eng ?t and a work concentricity cal culating

step of determ ning concentricity o0f the work according to the position of

the inner dianeter center of work on the imaging el enent and the position

of t @ vk BbReSES asaR thelKasd Wﬁﬂﬂﬁ%r@sl:ﬁt”@%%du@emp‘ Blrier, RS Id&iz met hod,

conpri si ng: 34 a nmaster inmaging step of inserting a cy ical master an
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to an image of an inner i amet er portion of the master projected on the

i magbndetedtingermhange intist flow rawefaitipanted éroncibnirmer paiphtiyed teawerkl at i ng st ep
of dﬁ g |ng a position of the inner dianeter center of the master on the
i mag ?1‘3 enment according to the image of the inner dianeter portion

proj ect ed Now} degcripid@iwil belgB@R Bf a thid edibodiniens 6f 4 LifgmsiseAnPled&t €r m ni ng a
position of the outer diameter center of the master on the imaging el ement

| acCoRYPFHNE © hinRrefepaivaRfidical e and a plurality of data on the position of
the inner glhtﬁgﬁ}s%mﬁ&mngﬁtr B sclibka dBBVL, He 1%&3?%51% tﬂgogéﬁ%?me obt ai ned by

repeating the nmaster 1maging step and the ter I nner amet er center
posi tnemrcmetm* gbertinaty ssstepaa: setmddeg the fmasiendbthe émndr éiemeiengimeheiopdﬁiof i on of

the Olﬁ o%vrrrfgn%rf o?xtx?;g oftthe Y dﬂ %per '(Sm g{etgge&slpgcg ﬁu[ o a wor K

i magng §? nari ca Y0 e hol e
f or mathet diainbeer mmfehsmemis\Mmgnnemo@evcrsmhﬂ pre@nmmbd‘dﬁmmtl &3showmer peri phery
t owar_d he centerwé{ aﬁae hol e t H_tpgort t he rk in the center of the
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position calculating step of determ ning a position of "an’i nner di aneter
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concent 1 E1EG-aeliat PR ara S0 FErTrAE A ERTTER PP ToAhel he nork
same as those in the first and second embodiments except for the master M used.

20 Accordingly, description will be given only of methods of setting the imaging scale and the
measurement coordinate system.

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,
the air supply device 42 is driven to supply compressed air to the air supply passage 38 of the

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

Here, the master M the outer diameter dimension Dy and inner diameter dimension
dys of which are known (the outer diameter dimension DM is not always required) is used as
described above. The operator inputs the known size data Dy and dy; on the master from the

30 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



according to the position of the inner diameter center of work on the

i magi ng el ement and the position of the origin set on the imging el enent.
3. A size measuring nethod, conprising: a naster inmaging step of inserting,
into a hole formed in a work receiving nmenber, a cylindrical master which
has two indices fornmed on its end surface and for which a distance between
the indices and a position of its ter diameter center with respect to at

| east one of n' 35 the indices are known, spouting air froman inner
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of e MBlnarifR Unit 36 RirABialc TROL A FaE G The bk WARuRi RhgHTibACS of the
mast er supported 1n the work recelving nenber; an I naglng scafe’ cal cul ati ng
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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 38 then stores the determined position



da work concentricity calculating step of determ ning concentricity of the
wor k according to the position of the inner dianmeter center of work on the
i mgi ng el ement and the position of the origin set on the imging el enent.
5. The size nmeasuring nethod as defined in claim1, 2, 3 or 4, further
conprising a work inner dianeter dinension calculating step of determ ning
the i nner dianmeter dinmension of th% wor k according to an i mage of the inner
di aneter portion of the work projec?ed on the imging elenment. 6. The size
measuring nmethod as defined in claiml1, 2, 3, 4 or 5, further conprising: a
natehuq§gggﬁg§§¢ge/flom1rate measuring step of measuring a backpressure or
flowrate of air spouted fromthe inner periphery of the hole in the work
recei vi ng Aedbssribethahove ehamabe mastersMiinbeld irethe varinboldern®2cthproassur e/ f | ow rat e
measyr.i ng st f .measurin backpressure.or flow rate of. air spouted from
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determi ning.an outer dianmeter of the work according to the backpressure or
?Iomﬁ?%F%P8$“%ﬂr spouted fromthe inner periphery of the hole in the work
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its phaver indfignds e quter digmetes cRyeRimy isdAcaisd-at ap 604l Aigtanes frem eagh s pout s air
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menbe 0 support the work or naster | e work receiving nenber, in
t he ecemere®m ofn bcidentified;bydindingeadirely  pesvimgthrapghcthe inngydiamater eameershinf ace of
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Jevice wni

cal ctfatin h determ nes an 1Tmagi ng scale for an imge projected
on the i mahainadeqpnmessidg davidel’é detetrainem thie position Ogeof kirecoueridiumesterdi anet er
dimenst on Of . Lhe TS SEscBBSPRILE0 el el TP S iihs (MR hnstheret e portion
coordinate system) on the CCD for which the determined position of the outer diameter center
Ow of the master M is used as an origin O (0, 0).
As described above, the imaging scale Z and the origin O of the measurement
coordinate system can also be set using the master M only the inner diameter dimension dy of
20 which is known.
In the present embodiment, the master M is shaped like a cylinder. However, the
master M may be a cylinder having a circular mark provided on its end surface.
Further, in the present embodiment, the position of the outer diameter center Oy is
identified by finding a circle S passing through the inner diameter centers Iy, Im2, and Iy and
25 then finding the center of the circle S. However, if the eccentricity wy of the master M is
known, the position of the outer diameter dimension Om may be determined as described
below, using the known eccentricity wy.  Specifically, as shown in Fig. 10, the outer diameter
center Oy is located at a distance wy (eccentricity) from each of the inner diameter centers Iny,
Imz, and Iz, Accordingly, the position of the outer diameter center Oy, is determined by
30 finding circles Sy, S, and S; of a radius wy centered at the inner diameter centers Ly, Iz, and

I3, respectively, and finding a point at which all three circles Sy, Sy, and S3 meet.

Now, description will be given of a fourth embodiment of a size measuring device



projected on the inmaging elenment; a master inner dianmeter center position
cal cul ati ng device which determ nes a position of the inner dianeter center
of the master on the imaging el enent according to the image of the inner

di aneter portion projected on the inmaging elenent; an origin setting device
whi ch determ nes a position of the outer dianeter center of the master on
the i magi ng el enent according to iQ%ornation on the position of the inner

di aneter center of the naster on the inaging elenment, on an imgi ng scal e,
and on the position of the outer dianeter center with respect to the inner

di angl &LdicE M L predti isRhSog he position of the outer dianmeter portion to be
an origin on thg i magl ng el ement; a work inner dianmeter center position
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wermber ;  anFirsfagie srk Belder 225 sunpkied with aenastee Muhi ks rerstes Mrisheysedin i nagi ng
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master on the imaging el ement and the imaging scale, and sets 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 ¥') 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 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,

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



position of the outer dianeter portion to be an origin on the imaging

el ement; a work inner dianeter center position calculating device which
determ nes a position of an inner dianeter center of the work on the

i magi ng el enent according to an inmage of an inner dianeter portion of the
wor k projected on the imaging el enent; and a work concentricity cal cul ating
devi ce which determ nes concentricikhyy of the work according to the position
of the inner dianeter center of work on the inaging el ement and the
position of the origin set on the imaging element. 9. A size nmeasuring
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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,



whi ch a di stance between the indices is known, an air spouting device which
spouts air froman inner periphery toward a center of the hole in the work
recei ving menber to support the work or master held in the work receiving
menber, in the center of the hole, an imagi ng el enent which i nrages an end
surface of the master or work supported in the work receiving nenber; an

i magi ng scal e cal cul ating device whgch determ nes an i magi ng scale for an

i mage projected on the inmaging elenment fromthe information on the known

i nter-index distance of the master according to an image of the indices
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predeterm ned intervals. The size neasuring device as defined in claim

7, 8(*xpng/Q (m) formedianifs anf surface apdEitWhigh he distaaceb detsemihe indiegnit he entire

i nnefpepi phery toward the center of the hole via a porous body disposed in
the inner periphery of the hole in the work receiving nenber. 13. The size
measur i ng @bvcadigamtiordf thedevice adahemeasufing enethibd forlthe eorklW, areher ei n t he

155i %€ same as those in the first and second embodiments 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.



measuring means conprises: a work feeding device which feeds a work to be
nmeasured to the hole in the work receiving nmenber; and a work coll ecting
devi ce which collects the nmeasured work fromthe hole in the work receiving
menber. 14. The size measuring device as defined in claim13, wherein the
wor k col | ecting device conprises a classifying device which carries out
classification and collection accorpging to results of neasurenents. z.
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pecifically, as shown in Fig. 15, the outer diameter center Ow is located at an equal distance
from each of the indices P, P;, and P;. Consequently, the position of the outer diameter
center Oy can be identified by finding a circle S passing through the indices P}, P,, and P; and
5 then finding the center of the circle S.

The image processing device 58 determines the position Oy of the outer diameter
center of the master M as described above. It then 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).

o As described above, the imaging scale Z and the origin O 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 provided on its end surface. Further,
the shape of the indices P and Q is not limited to the circle (e) or rectangle (w), 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, P2, and P3 and then finding the
center of the circle S. However, if a distance T from the index P to the outer diameter center
Owm 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 Ps.  Accordingly,
the position of the outer diameter center Oy is determined by finding circles Sy, S;, and S; of a
radius T centered at the indices Py, P2, and P, respectively, and finding a point at which all
three circles Sy, S,, and S3; meet.

235 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 work holder 22 closed.
Further, in the present embodiments, measured works W are classified into OK and
NG works. However, a plurality of stockers may be used to classify the OK works into
15 further small ranks to carry out classification and collection.
A well-known image processing technique can be used to execute image processing
to determine the diameter or central position of a circle in an image picked up by the CCD.
Various image processing techniques can be used such.as determination based on a contour,
determination based on area center-of-gravity, and determination based on the midpoint of an
20 X or Y dimension.
Further, in the present embodiment, the part (the triangular area A containing the
inner diameter portion) of the end surface of the work or master is imaged, so that the
eccentricity, the inner diameter dimension, or the like is determined according to the image
data. However, the entire end surface of the work or master may be imaged so that the
25 amount or the dimension is determined according to image data, The imaging scale can be
increased by imaging a part of the end surface of the work or master as in the present

embodiment. Accordingly, the work can be accurately measured even if the CCD has a

smaller number of pixels.

INDUSTRIAL APPLICABILITY
30 As described above, according to the present invention, the size of a work can be
measured without rotating the work. This eliminates the need for a mechanism for rotating

the work. It is thus possible to provide a device having a simple and compact configuration.
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7$106%}tindti¢al nBfste08s inner diameter dimension of which is known and for which a position of

its outer diameter center with respect to its inner diameter center 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 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 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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ocymv@ugl) Lsgllgwq 1@}0(.3 holq fimmed in a work receiving member, 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 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 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 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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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 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 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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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.

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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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;



G GGG+HaBbCy! F 10%| & () - F10%4| & () -3

"10%| & ()-'t!110% | & ()-F'10%| & ()-3f3"10%| & ()-+HH ' J<JJaBbCy! (f 10%4| &
()-9":10% & ()-F9% 10%4| & ()-F" " 110%| & () -

10%| & ()-'y"10%!t| 4] & () - zJIDKKKLLLAEbCy! YS2¢g

10%1| & () - YO109%| & ()-/%$10%| & ()- Y-

10%| & () - F+& 10%4| & () - FL*310%}| &'3R8) - LLL' MMMVMMIE: /  104|

104 @10%| & () -1 @

"10%4| & ()-I 91 10%4| & ()-8@10%t| & ()-Ys610%| & ()-Y3 10%t| & () - MMVPPP
PPPPVW\B4| aﬂﬁﬁ/sﬁé\#lhgﬂ&ﬂ%&h(chspdlﬁs éhﬁfr&ﬁla@m périphgkyYtoh@dda ééntdffb&ﬁllm/& 0)-
104| P: %PRf RRSd I10‘V Ué 10‘V YlOfV&& %} m 109%& () - FVI

10%&2" in{heowex f%‘iel Eﬁf E\}RI@E‘P e YafkaQyopagter helig gpeprk )‘QCCfVl%’ow& ()-
llO‘Voﬁ@erﬁgﬂ\{nm%ggm(éfthggdfg& () - UWWVWSWMEVVB4| " F1s! 10%& () -0109%<& ()-3.s1
0%& ()-3, 10%& ()-3F+Y"10%& ()-1)10%& () - WK XXXYYYYdYNC84| 10< 10<
10<YS; 510%x&'1r(1gg1mgqlm WhichHggges an end surface of the master or work supported in

L0 (AadHONER fhhRR 1 0% () YV YZZZAENGSA

t! 10%& (0)- aﬂ,ﬁ}%?gnﬁg scalbQURula)ing A¢ige \ahl\:ldEéfbi%Aés an imaging scale for an image
| 109&' () - lé)’l 109%& ().- 109&' ()-1 109& 109 En I 10%&d( )-\\ur#_ dEYNCB4|
S*g 1@@‘@6((t§ R the imaging element from the in onnatlon on the known inner diameter

éggf/‘ dﬁr}leﬂﬂdﬂ HORBmbdter 4O Eing ko hn THE& of dn 0N &médr porfion 8 RAHEYRC34]

OW@TQJ?UMIOW&II@?SI% glogignty ) - - s! 109&' () -, 109%&' () - aabvbbbbbbdYNC84| 10 10

LR, A il OB AAD 1021 Y

Os 10%51(1% bf thd ket HiamXtbx C&ddr!of I master on the i imaging element accordmg to the
10! i £+710% () - | dE+" 109 ()1 LF+ O%%W) F+" 1?%3 & ()-![3Lnt 10%& () -
N m‘%&?ﬁ&%@éﬂ%ﬁ@%&?% TIPS 'S(SMENE00&" () - YL0%&' () - Llo%& () -

10f 0opbppqeReE#E3aNaL bdH¥Mwhikh Xét@z?{ﬂn@a St 68 tHe) outek MMndrorcdmd OO () - Y
109& ()-COqaqrrr SsdE/C84Ym'y, 1 109%&' () -1 @10%& ()-1"'"10%& ()-1$"10%& ()-gls!1
0%& he master on the imaging element according to a plurality of data on the position of the inner

O AR gt Gt O 10

105 < pmm 6F the LUGE@Iafrited BEtibH %Ry In FHELOORIIE)imSging elemeh dENbC84YZ10%& () -1 S
10%&:

10%& 8 16%&’”( jnner, digmpetes cqniel PRsEon qalqulating devics mhichddearpings @ Pesitidyog: ()-1 Fz
10%& df hn ifﬁx%ldlﬁbneie%&%% of )he'WdrﬂeQ?(&ue(ﬁnagﬁx@H&%ﬂ&Efﬂ?@t@é%lﬂaQ &)f(ah 9$10%& () -
" 1109 ()- 1 ml0% () -1 10%& ()-1 109% ()-y{|)}}} ~~~dENhCBAY3

" 109/@NRef Sfameigy GRITON.of Trsoxgerk projpatachorging )‘ma%@/ﬁe'(ﬂ?ntLaﬂdlow& ()-~~~~ , | } ~xnbCB4Y
L"109%& () - a%rﬂ*goncenmcuy 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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10. 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 which has two indices formed on its end surface and 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.



