; €3ekkTAJR6TVV  WORK CENTER POSI TI ON DETERM NI NG METHOD AMWW“M
BACKGROUND OF THE | NVENTI ON Fiel d of the Invention The pr on
relates to a work center position determ ning nethod and apparstiss, and
nore particularly to a work center position determ ning nmethod-and

apparatus for determning the center position of a m nut scription
of the Related Art One of the avail able pethods for neas,mmmmﬂmmmm
eccentricity (the discrepancy between to the centers of shape
and the internal shape) of a minute cylindrical work, such d8%®2ferrul e,

used as an opti MORKECENIIHRPROSITION DETERMININGMETHOBCAND t he work
with a CCD canera and process the obtained i mage data. By this nethod,

measurenent is done in the fol |l owi nQPRBARATUSr instance. First, a work is
inserted into a work socket hole formed in a work holder. Then, air t5 is
injected fromthe inner circunference of the work socket hole toward its
center, and the work i s hel BAIKGROUNNOETHI INVENTIONK socket hol e. Next,
an end face of the work is imaged with a CCD canera. The position of the

center of tﬁ@ld%?fh%lﬁ@;fi&ﬁ“r ed out fromthe obtained i mage data. Since the

center of t ape of the work inserted into the work socket here
20 is hebd in a flhgedtsgogiveiton relhtes tohevdrk nentdrposihen determinimemethodatd on of
the air, this sition can.be | ocated in advance, and.the eccentricity of
the work carptBrigH Pla BREEyh R LGkt PoE DS iR Bl e R Tab R

pr e- Locat edfop@atrniisifig tit céhier posibibeof Hhintteevekt er nal shape and the position
of the center of the bore determ ned by inmage processing. The position of

the center qof the e>%ther It Rape of the work projected on the CCD is 25
det er m ned Wm—%rk of which the position of the internal
shape center and Odealf tHefavhilBleandtiRrds #dr nsdanpim g G ¥cedntricily ddhe IR ciieparichi Betivaérer nal

shape center is known, and the position of the external shape cente
rel ativeot othe‘ﬁ@“?rﬁ%ﬁhﬁa’fte@ﬁléb@eeeﬁf*@rthrﬁaltshflP@ plaminule qyag$nﬁg'f T Sh6h e

quantity angraid eel O étichllfbenfdtidripait isto imilR adieh@filcé OMhOotk With a CCD
eccentricity is determ ned by affi x‘::r&g a mark 1dentifying the direction of
eccent ri ci t §arefna &l REPREsY the edbtained imessdals- o (B Bisknethny, metwiraent daredn thte

obj ect of m&%meﬂﬁrﬁgaﬁ&fi nitesi mal work, such as a ferrule, 2 it
is extrenely difficult to mark the direction of eccentricity on its end

face (e.g., the ditssiadewriisdmerted ingra ok spgkgy holg rmedig aprk holdery) Thefgairn t he
probl em gf §RRSEA Rbn'inhd? RAMMERRG] of Sk BAARE: HolteroRAR ifs!cOfteDhnd thE
external shape center. SUMVARY OF THE | NVENTI ON The present invention,
attenpt ed i ok ielicldfat thicentgyob Bieaveark soskétiplen ddextt an gnddyde@é thgrvork is imaged
with a CCD camera. The position of the center of the bore is figured out from the obtained
image data.
Since the center of the external shape of the work inserted into the work socket here
20 is held in a fixed position all the time by the centripetal action of the air, this position can be
located in advance, and the eccentricity of the work can be figured out by calculating the
discrepancy between this pre-located position of the center of the external shape and the
position of the center of the bore determined by image processing.
The position of the center of the external shape of the work projected on the CCD is
25  determined by using a master work of which the position of the internal shape center and that
of the external shape center relative to the internal shape center is known, and the position of
the external shape center relative to the internal shape center in this case is identified as the
quantity and direction of its eccentricity. The direction of its eccentricity is determined by

affixing a mark identifying the direction of eccentricity on an end face of the master work.

30 However, where the object of measurement is an infinitesimal work, such as a ferrule,



external shape center position determ ning nethod and apparatus for works
capabl e of easily and accurately determ ning the position of the external
shape center of a work. In order to achieve the objects stated above, the
present invention is directed to a work center position determ ning method
for a work having a visually recogni zable portion on to an end face
thereof, the nmethod conprising the steps of: rotating the work in a
circunferential direction thereof; inmaging the end face of the work with an
i mge pickup device; and determning, froman i nage obtained in the inaging
step, a postis exsremefy chfﬁcelxtoermtrhlthesiimp@nménd:oemrioﬁy orhies enddadede.e., e outselewor k

Pace of -t of ERRaI £ Bl e Giegn PG A of St ol YG Hreulllii 22wl o

portion isdbt@ﬁgﬁdth‘aﬂpbhuémthe"wnzpslmlpupexm@yl ce while the work is rotated in
its circunferential direction. The position of the external shape center of
the work end face projected on the inmge pickup device is determ ned from
t he i mage thereby obtai ned. ARGMMARY OFTHEMNVENTIONI, the portion provided
on the work end face need not be accurately fornmed only if it allows
recogni ti on of t ke prwgeinvaridn, tahempled;imdiMOﬁlﬁistphﬁ)lem,tie'mmuecsdo@nﬁimm er 20
of the work canl%t‘?i determ ned d[eéam %/ (%éetdaccurat EFI SCRI PTI ON
OF THE DRAVFIES! SRS FFRter Pesitgn defrmaining, magihqd snd apparapyy gfkéf‘ﬁ’é c8bfslY s and

advant ages anbaccegiely Wétrmikifg @ pbaticras thaextdnel fiabt ot @f Wiwlobk. 1 ef erence to
the acconpanyi ng_dr in which |ike reference characters designate the

same or similar Pa 3‘? te %CrhdﬁY@H&ﬂblefﬁétafqddﬁ?vé"s‘hﬁﬁffs%%é‘l*"éi“l‘fm i9dirgefed 03 shows a

profile of orkcéRaPoanS di@ASHAS MEhSPRAR JloHShavigG: w&aﬁ}h&\e@gxﬁzame%n{ah ohhe
di nensi onal msasurl ng apparatus; Fig. 3 illustrates a master work f\%o
rks;

i |1 ustr & estngAd Eage thereaf, tmﬁ@%@ﬁwgﬁlnp%ﬁt%ﬁf EatEe eV org i ciieanterspti

Fi . 5 11 UslobindferforintRIigluR/ak TBBRHENO WA BPfhd0 KSvice3ghd™i 9S. 6(a)
and 6(b) illust rnateer a v?gr%ﬂ%tol der in another enbongn%ﬁ:W Ciegs 7(a), 7(b)
and 7(c) i |detpsmingigeframygo imkagesibtiéncd imthy émagingotidpen PesiinscH i K terngi ape 8(a),
8(b) and 8( : odinment; Fig. 9
shows a Ion%?’%etégiétHé%Jd?aé%t(lﬁéﬁr@% k?ﬁt&%‘én %%&%%@%l%%f eéﬁgﬁgssentl aI part of a
rotati on drive nméchadingo thp uyvetltlcmntht bt fagndfaiak wedkt which gas dntssid fee the

| ongi tudin n.of an

fot at | Og& d?Y‘%“z‘ﬁ ec?1 mgii)lm Ioﬁlo%cf %yc{ ﬁtéhr 818 ﬁ%‘&ﬁfﬁ’wkﬁﬁ %g\i._lct, \gﬂnhéalﬁe h'o& is fotated

| ongi t udi nain 1l$errtulﬂnreotﬁalﬂhectmonlegmoatmmnf tbé e)am:ﬂsbmtcr:mbr qualnd;wmk ead
rotation dr% ve rg%gthé; élml et anot her einbodld and t;,\% %t Idust rates
an ext er nal "*ShRPECEeRt &F ?‘)%3 R 9GP AFHEITHY %@anr]n%q,e PROBANG, y et
anot her enb/aehoméﬁgto tDEMth_[mQEE:ﬁR praviid dorthd Wb kRIRE FicerEta rEiVBCEhIcNEMI')S An
external shApe. FSRS &5 MR Ot F Ul il 0g P 0 98k Ab ARPRI AN Shab Lent" S

20  of the work can be determined easily and yet accurately.

BRIEF DESCRIPTION OF THE DRAWINGS

The nature of this invention, as well as other objects and advantages thereof, will be
explained in the following with reference to the accompanying drawings, in which like
reference characters designate the same or similar parts throughout the figures and wherein:

25 Fig. 1 shows a profile of a dimensional measuring apparatus;

Fig. 2 shows a plan of the dimensional measuring apparatus;

Fig. 3 illustrates a master work;

Fig. 4 illustrates an external shape center position determining method for works;

Fig. 5 illustrates a dimensional measuring method for works;

30 Figs. 6(a) and 6(b) illustrate a work holder in another embodiment;



according to the present invention will be described below w th reference
fo the acconpanying drawi ngs with respect to preferred enbodinent. t5 Fig.
1 shows a profile of a dinmensional neasuring apparatus into which an
external shape center position determ ning apparatus for works according to
the invention is incorporated. As illustrated in the draw ng, a di nensional
measuring apparatus 10 conprises a work fiolding unit 12 for hol ding a work
Wto be neasured, a rotation drive unit 14 for rotating the work Wheld by
the work holding unit 12 around its axis, an image pickup unit 16 20 for

i magi ng the end F@@e(z{)ﬁ(bMdelﬂllWrﬁtehd/ohyhdld[he1ﬂl\5ZHt knduigdr dinBgditieht 12, an
arithnetic and lggic unit 18 f conputing the dinensjons, of the mork W on

the basis of theFiBidie %B)c%{'idﬁéﬁ %‘?“?tﬁé “ioﬁlﬁb(edeﬁlubi’ﬁﬁﬁ“%li‘ﬁrlem%d’m&ﬁ‘d a control
unit 20 for cont gl 4 iestahemRuBhN8EctiBRbE e cIiTRUMBLK ol didhBalpaitlor 42 set's
and holds the work Wto be neasured in a_ predeterm ned neasuring position.
As shown i riotpfig drive magpankst o Yoy ngtheeeBPamentwor k hol der 25 22. The work
hol der 22 is fOrF%dl(iﬁo@s%%dﬁﬂﬁﬁﬁal%@!ﬁ@ﬁoftﬂ@@orﬁi‘é@ﬁ%ﬁ@fchnt&’seﬁuﬁl;bgﬁgfﬁ 24
standing verticall'y on a base 23. In the central part of this work holder
22 i s for nadtationgdrive mbmmwcmar@e\eammnmm axis, and the work Wto be
measured i s inse £ I i nner
wal | face of the% ?kéh@%@ﬁﬁh@ﬁpﬁhﬁ %¥10£ Qftﬁeé\@gﬁgﬁﬂ&k%an@g&gnﬁ?ang gred 30
nmetal ) 28. rotagopdmveusechadym #8yek moﬂmrembbdunem, andl i ndri cal shape, and fitted
into a hole 30 bared,in the wor In.the inner circ ntia
face of the hol o o 7 Utpighal ¥ttmafengRtesher aostioh Weama et e Brepr
directi g, woshoiiteegbaivient3l comuni cates with an air intake port 33 via an
air channel 32. To this air intake port 33 is connected an air feed device
35 via air feed piping 34, and conpressed air is fed fromthis air feed
devi ce 35. Conpr esPEFAHIED DEACRIPTION Gif THE PREFERBEDIEMBODPABIENT 'St he ai r
channel 32 to be supplied into the groove 31, and 5 uniformly injected
toward i nside of Arhextanml Rhape cdoxr pb&'iﬂi(m ®Erinimanp rdtkod andepparitms:fmfwerlenti al

face of the or.ou Qd f or nmed d |cal e. the end .of the
wor k socket® %rldengZ%&‘etpﬁeé?'g V&Y "t“fl!elge esc{%eﬁﬂ’ Twélf eég"ce C&T ery"plﬁ ate
36 is fornedtawmgawph&tspecshﬂpefcrraminﬂwﬁn@t peep hoI e 38, snal I er in dianeter
thanthe wor k so ole 26 cga?alll\éwththe wor k socket. hole 26. The

work Wi'hserted uﬂ%d F‘ﬁ‘és WRPRIeoh 2 dpRgesina) greasusiae PRPAGINS /B EHCHAP PHfrLe!

st opper pl attapSéenter powiddl detepdinirgngpdritas fAdofl@@ecording MaRE@vEMionigh t he peep
hole 38 forped in this stopper plate 36 by a CCD to be descrlbf(g in pore
detail aft ePfRPORedTHAs HIYUAGd R thedrapdng,d dimeupionpl AgisuTipg agRara®s {{ FQNRIBHt act

with the reawoibidideeniof2 fohmmgkwwmwl t8 bBYnehdifedVOFatide ldeles ud2i4 mpd by
rotating this rod 42 turns the wo Waround the 15 axis with the

frictional 1’0(5‘?‘{9% therwerk &Y A buthe VT"é‘éEOId‘Rg ugif bevaropRql s ay1s, 4n injage Pickp it 16

ar r angedyycogptiimhding the bt fablCot WA Kok ¢ el b @Byt hala Efuﬂftrmqmsaﬁﬂ{rﬁ&fc ahd
di aneter than the work Wto be nmeasured. This rod 42 is fitted coaxially

with and at lagifemédd ferrcomppineihe dimearignsiof the wkébha%aleﬁeﬁ)%fﬁm emgapwmﬁrhe

rotation she; the4fhadeSpidlQp Kt Y, aheaeannﬂ@urﬂ&m@c&&omngmddeemmmI iftable
bl ock 46, and its rear end is linked to the 20 output shaft of a rotation

drive motor 52 viBeavekhpidinggnid2 semendrhgidsiheororly W (aebarpeasireding s instal | ed

gpl E/Pﬁg“ltﬁ)pe@reﬁé’téﬂmf?éd th@SurddgJo@ifbe ALGKwAE Mbar, theWIRW RIREMS 2 Wtk hB¥ler

25 22, The work holder 22 is formed in a columnar shape, and supported by a support 24
standing vertically on a base 23. In the central part of this work holder 22 is formed a work
socket hole 26 along the axis, and the work W to be measured is inserted into and held by this
work socket hole 26.

The inner wall face of the work socket hole 26 comprises a porous body (sintered

30 metal) 28. The porous body 28 is formed in a cylindrical shape, and fitted into a hole 30

bored in the work holder 22. In the inner circumferential face of the hole 30 is formed a



rotation drive notor 52, it causes the rod 42 to rotate around the axis.
Behind the liftable block 46 are arranged a pair of sliders 55 and 55 as
shown in Fig. 2. These sliders 55 and 55 are slidably supported on a pair
of rails 56 and 56 laid in front of 25 the support 24. Behind the liftable
bl ock 46 is arranged a nut nenber 58 as shown in Fig. 1. This nut nmenber 58
is hinged onto a threaded rod 60 arranged between the pair of rails 56 and
56. The threaded rod 60 is di sposed perpendicularly, with its top end
linked to the output shaft of a lift drive notor 64 via a coupling 62. The

lift drivegtosl fdhd SrctmpRedtiaPdlrebior!, A1 e PROTd 3 12ébmiRunidaes Avitkh Qir iRthigc ket
66, and by driving this lift drive notor 6 the threaded rod 60 is

rotated. TRetA3viannan channelils o ihisaicigtakeBobd3 isicopnscisd an aifksed deviee 35 ¥ig abl e
bl ock 46 aggerdi fpﬁwngtsa mﬁc&mgedtayr @tfed'ﬁtoa, ﬂxﬁtaﬁlfbéﬂrhevfc€§5” t¢(ﬂ9prl’:§§e@£lr up or

down novenent of ‘the rod 42 '1n a perpendi cul ar direction along the
axi s. The rfuttatheir idiake/porndi passes theairgharvel 32 thibe @ItmpUed mist the g@avetleafd t t ed

Wi th encodgp rﬁgy( ﬁxilegte@‘?owz{r@ Rk toh‘ﬁ W)rk stk dét H{iﬁ% 26 ti‘:%mr e %Wc!lrgﬂ'ﬁfeﬁ){nu&lhe' r

respective out {s can be de I cku mages
with the C@Be@ﬁﬁemanmhuxaﬁmfbamﬂlmﬁcﬂthmmMMpMIheId by t he mork hol der 22.
Thi s i mage picku

ni | en it 72 F ive unit
TSt he 8o caneRetiRetd ding SFR AR o Ther e ekl pdies Bl 167 TSGR {1 o
th oI él hg CCE klaﬁ&ﬁlgd andlplpe Qhape f #hd hiea pd&FgaeGB strﬂhﬁelandlaimeﬁeﬂﬁﬁ thiehgorkor k W
e y the r er ult_jntg the ra .76 in a
magni fi ed sSP‘\giO? C%@“ﬁéﬁ’%‘&dﬁ? WOY%OD ”I?ﬁl? %gh é'g‘elﬂ?ﬂlé&CD ‘H‘é“\ﬁd\‘%k hol der
22 so ag t Qobier H(Qe @@i@@ﬁdvmed bBeth@nebppegrat®se frm fRAK a edrd fmé it éwrk
hol der 22. The AF drive unit 74 subjects the AF lens unit 72 to AF drive.

This AF driteughhe peep hok %rfeweéé@tfw $apprer Blajp deby p REDHE bs dpssabedipdorg hown,
and subj ect fdiR@eards€ns unit 72 to AF drive on the basis of information on
the distance to the work end face provided by this range finding sensor.
Thus, it focusesThhtaton dergsunini4brings drpdidadnte santaci odthde eprendback ofvhel d by

15 the wor k@?k@ﬁ&%@he@b@k@@r%ng{d%ﬂﬁm%ﬁ{g?%muﬂﬁ ﬁonngt o%f%d Lmages

wthits built-1n he end face of magni |ed Iens
unit 7215 me@e@drﬂlb&iqtmnalrfprmfehmamlf;dcet he CCD canera 76 inmages the end

face of the mrkA\éVsan M@ tht%e? n&éﬁoa?wﬂy wr}htthr% &Qts@é ntfeh%l di%% a

predeterm ned area el ud ore 'S magni
Fig. 4). 2ofoithel drnaghtm dgumgrer thaﬁ ﬂlelworhw a)ttresnetameecéncThisaoé 4bfs fitted comdﬂyw hel d

oni 16 der et et bl Hiokop e Faeidrieev e g B a8 e
basi s of t hgorhamgeatigstdanenglpiosided af a fifteblansiodk A8/ G)lbil&l rlz&d:nh)ys Itnkexd tGCfm:

20  output shaft of a rotation drive motor 52 via a coupling 50. The rotation drive motor 52 is
installed on the upper part of the liftable block 46 via a motor bracket 54. By driving this
rotation drive motor 52, it causes the rod 42 to rotate around the axis.

Behind the liftable block 46 are arranged a pair of sliders 55 and 55 as shown in Fig.
2. These sliders 55 and 55 are slidably supported on a pair of rails 56 and 56 laid in front of

25 the support 24.

Behind the liftable block 46 is arranged a nut member 58 as shown in Fig. 1. This
nut member 58 is hinged onto a threaded rod 60 arranged between the pair of rails 56 and 56.
The threaded rod 60 is disposed perpendicularly, with its top end linked to the output shaft of a
lift drive motor 64 via a coupling 62. The lift drive motor 64 is supported by the support 24

30  via a motor bracket 66, and by driving this lift drive motor 64, the threaded rod 60 is rotated.
The rotation of this threaded rod 60 lifts or lowers the liftable block 46 according to the

quantity of its rotation, resulting in an up or down movement of the rod 42 in a perpendicular



canera 76. This arithnetic and logic unit 18 conprises a personal conputer
(PC 80. The 25 imge data obtained by the CCD canera 76 are entered into
the PC 80 via an i mage processing board (not shown), and various factors
are determ ned by inmge processing in accordance with an i nage processing
program stored in advance. This PC 80 is; provided with a display for

di spl ayi ng use (not shown) and a keyboard (not shown) as an input device.
Various itenms of set information are entered fromthe 30 keyboard, and the
resul ts of do;}ggtgﬁmoggmeqmsare di spl ayed on the display unit. The control
unit 20 control s individual device constituting the dinensional neasuring
apparatus 10 on Threromtian drivsfmetentZ-asd the lfhdive materrd aefited Bith encoderstbfe wor k
center posipti £ o nd i 1S i d
T A R R T S
as follows. FirstTheinge piakupsmitt libngages wihnee COResmetyhamiddzre af hastoek Waor k M
the magni fi.cat.i X of 1he,d e .projected the a the exter

shape oent AP Pk neldBf2d naRG PRt iFah B EnEde st uERf Rt A0 0 ou:
As the nastdeive wait k4, Me GCD siroem 76 and lgghtidg usit 7§l i ndrical item simlar to

the work Wto be red,. ich has a own bgre sjze L is.used.. First,
the master work ﬁgéwﬂ’ééf“fzg‘si WF@)“’[[H%C%rq?“@&%e?“‘!r%ﬂé“?%‘ef@?m thefndy e
wor k hol derfagkaf theheorR Wih&ll by B Wi héliler\®loktoM ¢ OB BLflGHtoithd OCbRemvarsk isocket
hole 26 is engaged with the stopper plate 36 and acconmodated within the

wor k socketm3gdifiedsige. | BhinAkdens upis 75 jsarrapged updasneath the woek hpldey d,50 agrig be

conpr esged @hbsiRiheenB TRESE B WIREW RIESSHE SohSndigs 2Nt 0 the air intake port
33. The conpressed air fed to this air intake 7port 33 is uniformy injected
toward inside t hdhadFidrizeenie?4 swbicets 38 4K sas wiie’/ 2 tardt drivier cUkip dFaitve anitf ace
of the por ; : r [ i : cket
ol @ 2615 L nePany ey Aaihet AROTERED: A foll IRPRLER ATAR Kne Bl Pt b P2
hori zont al diveoothednsinhf inéorinetionprshgdisfente 1Gthaivtdnk erhvelacst ppyded i thisear@s i n

the verti Caﬁirgﬁir;g;sr%ﬁ{oho nfhu'sA}Sit ﬁc&s@? t'ﬂ&L, tA’F l&ﬂ%n@% ttbﬁ éhevé%ﬁ tfacMo.f the %ﬁ}% W l?eri'c? é/ as

pr edet er m ne e nmeasuring purpose. master work i's positioned
as predes erthe wodk haddeeP2t he |lighting unit 78 is driven, the end face of the

master work Mis.irradiated wth illumnati dight.. t,. t E dri,ve
unit 74 is dri veﬁ@uﬁ"@&%yg{’ H’éta!&?fl ‘I"g‘h%gﬁﬁ??’ ‘7’?3‘?50‘“}&15% ruivll%iglh&:llﬁt €95t he
AF | ens uni facd @ thewbOWsesgnitied be the \H legdimiton?, t ffe deéodbd iaemet dedit, tha€Cor
work M hel d bqratsj;lqe. wor k. hol der the. end face, of the

. After it s focused )
master wor k¢ g ek i Sl work 3 threngh g HEER BOIF AR pR in e RIS b
I:ft gri ve m.geg pftﬂetieﬁniddéd atmlggldamgnge stevm drliie ward iﬂﬁagm\ﬂiﬁdqhbgh'a@ 4peen
place In a pre erm ne st.an osition, to a r term ne tati gn
drive pddition (t 1‘%5“’5%‘5‘&‘88i‘1f?4§6§€%‘§?%‘@ff“i?qfi“{f.w f}‘%ﬁ%‘ﬁtby thepygor P@‘”ZZ

rotation driwyeil@iR4ting2ights driven to drive the rotation of the rod 42 at a
predeterm ned speed. As the rear end _face of ﬁac[@ master work Mis in

contact with the BIdTE¥meinand lggic ypit il § determinesthe dmegsions 0fthewogh Woby iKge r od
42 causes t Bl%cél@%g 8h thehakis M th@inkddb Bf AE erEcd SfShéwbk WbbtaliRd by kitcom bet ween
their contact faces. = o ,
camera 76. This arithmetic and logic unit 18 comprises a personal computer (PC) 80. The
25  image data obtained by the CCD camera 76 are entered into the PC 80 via an image processing
board (not shown), and various factors are determined by image processing in accordance with
an image processing program stored in advance.
This PC 80 is provided with a display for displaying use (not shown) and a keyboard
(not shown) as an input device. Various items of set information are entered from the
30  keyboard, and the results of determination are displayed on the display unit.

The control unit 20 controls individual device constituting the dimensional measuring

apparatus 10 on the basis of control signals from the PC 80.



30 Then, the work lift drive notor 64 is driven to raise the rod 42 to the
predeterm ned standby position. As the rod 42 noves away fromthe naster
work M the master work M stops turning. Hereupon, the end face of the
master work M having stopped turning is 7 imaged by the CCD canera 76 at
a different rotational angle fromthe figst pickup (second pickup). Next
the work lift drive notor 64 is driven again to bring clown the rod 42,

whi ch has been placed in the predeterm ned standby position, to the

predet err ni ned r dhawodicedier pesitiposieteimpining Tiethed ané hewimnsionalangasyringrmetkodyot or
52 is driven t b [ A2 h redet 1 - t he

mast er wor kusﬁfﬁ ﬁjé{h'? S?é]%élogg&e%%lqn 381%%&%8?1(ﬁcﬁgﬁgur?ﬁ%d\%\%ﬁggﬁgﬁ t(g § 8’?@% not or 64
is driven to rai Fast inttial egdtinkAs Henet hThys; Byledigy Minaed vairla ] lhe mamifidaden X Thi s

causes the rod 42 to nove away 0 he master work M., and t mast er work
Vot ops. ¢ ar S eEE PEATG on T e S Gk R BUE RSB T H0ng
stopped § Oprojetidd 6@ the CADRGifigGredVutl A s GelhaRrRiosk MOasdhown iOFigt 3,@anal angl e
different fromboth the first and second pickups, (third pickup). The three
sets of i nagjdindriahitghisiniisde thy WoreWdaehe asarral 7Bich has sknopiniborF 1% & asee 80,

whi ch conput es t hgexfeehdirt wefkangs fSiHed intd B2 Wore Sockdtdblel G0 MR the Wik M
projected on the CCD in accordance with the i mage pr ocessi ng grogram stored
Hw

in advance held#e2f oFheowmidied theanasignwerk M Apserstoinge theweikgocket halp Pats engigege
internal shapg tt%%ﬂ%ﬁér P?Béké &rﬁirh%cfn]rmod?@ed%vrlﬁxif the @fofk ottt ‘HBl]%%.f romthe
ata. Then, t

obt ai ned i mage e center position of a circle C passing the
three inbernal shé¥gs thent eed gayse 3D andriven, andPRomprdssP®air of Tpmyiai¢radned pidseure
center of this . cirgle C i.s theg,s ht positio f. the external. shape
cont or of 1 MASHEB6 Rrlidi® b5 oHR ForfRbeh et lols YT REFERGY 't e wor
hol der 22 r ahidredy injetted tdvardtide tha lwosihajoket telet2éroketht irner ¢ifvemsaemiapfase t i on

all the tine the centripetal action of air,. Therefqgre, as the.bore m of
The ot or QB PRIORHI 28 418 ot aroms Bidpsihd uree ol skt Blechas Hacei
work Mif atheld@fdt cénfdr € the @bkiefocRA hiblei26 B the hofifnfal BiRécEioMwallebdiftiehgddne
position of the external shape center can be determ ned by figuring out a
poi nt  at Sequalh thi LIPRATRIAE P61 i kertitn! diceqting o rid regia Hie reasief rol i80si t i ons

that have beggiidel Apreddierinited fo¥aNs mEzQ@ringcb&%)s&O”pUt es the position O of the
external shape center of the master work M by determ ning the three

i nternal shape cef\t Bie nisisT wpsAd ispositippedps grodarermiged, thea therjebEng Bris7HiE | mage

data obtai nedval udichd BB tmE fladbi Wk RNGhBSARMh LiRGRLdHAG ke center
position of the circle C pasmqril]tg7 the three internal shape center positions

Pi, P2 and P3. TH¥at the AEdeive ynife/43ndnisaite subjecsihe Abipnstad 78fio ARalriast eFnad

shape cepnf enyAgr IREuAl 70 FocBbedlth Be HEBAMOh Mk S FAEBF thEheasREwB MB¥IdULS RY one
of the three sets of |ma(i;e data, conputes the magnification X on thé basis
Itergh

of the knowVasbhedgi2Ze A i§ fequegdethe epdfagopfthe wdsteraterk M Bdmpgad by thh€eDa
camera 76 (first pickup).

Then, the lift drive motor 64 is driven to bring down the rod 42, which has been

placed in a predetermined standby position, to a predetermined rotation drive position (the
25  state illustrated in Fig. 1).

Next, the work rotation drive motor 52 is driven to drive the rotation of the rod 42 at a
predetermined speed. As the rear end face of the master work M is in contact with the end of
the rod 42 in this state, the rotation of the rod 42 causes the master work M to turn around its
axis by the friction between their contact faces.

30 Then, the work lift drive motor 64 is driven to raise the rod 42 to the predetermined
standby position.  As the rod 42 moves away from the master work M, the master work M

stops turning. Hereupon, the end face of the master work M having stopped turning is



8 menory. The known bore size L is entered into the PC 80 in advance by the
operator using the keyboard (not shown). This series of steps conpletes the
initial setting. Upon conpletion of the initial setting, the drive by the
air feed device 35 is stopped, and so is the conpressed air feed into 5 the
wor k socket hole 26. After that, the master work Mis retrieved fromthe
wor k socket hole 26. Upon conpletion of the initial setting as descri bed
above, the bore size d and the eccentricity co (the discrepancy between the
center of thgceRy BefdiD exnpse’Gria diffragnt ratiord anglcdiomnihe SFAPERURFCeORd wor k W
to be rreasggg%)_are measured. This neasurenent is t0 acconplished in the
fol |l ow ng nner. First, the work Wto be neasured is inserted into the
wor k socket hol eN@s, theTierkid deivivhiahes értisedivienagnin toebriagrdews dskied 4hotlactoiBs wit h
its end bein N i t he er. plate i ted within the
wor k socke{b C%&?%ggg’sgﬁwgélg% éne\%%%aﬁ&&/ |°§‘%f”h§%¥t}%2’8: df%{r g‘%‘ﬁ%?lﬁ% Rethol e
26, thesai Mhéedd ek ragicdblrive mbfor d2 isukived © rbredhcodpl asdhedredeterntfieda
predeterm ned pressure intq the air intake Port 33. This causes the work W
i nserted i nPGYt4RE REJPRIE SO [‘ﬁWF‘?d?BOng“f)% held at the center of the work

socket hol e 26 i mhdah@e RO 2B R métbr @Cit UaRenb iR theicng2engegadeidied he
stopper plate 36 in the vertical direction. As a result, the work Wis

posi t i oned S8R ROgIEPRr i HBERUTeS thettAd 4 AiOABRMCIAMGY HOFBS Blastoovarh &% aptewor k. W

is positi Or?ﬁﬂte?ﬁoﬂrl\qm%bﬂlﬁﬂ.tiﬁ'@d [-fegéufo&h?her%asf&brcio@91691'1’2{59:9%1 $1Gvihk %{Jée@g uni t

k
78 is driven to irradiate the en ace of the work Wwith illuntnating

| i ght . henurningéds ixRging®y therGED 7amers 76 alauroetionshangiedidiagnt fere borh thenfersimmardk W
hel d by the . k Laand the image of that end face of the work Wis
obt ai ned b?e%{é%&gﬁlsggﬁgﬁ“h}@f The i mage data obtai ned by the CCD canera 76
are supplied to ThethRE s8O of inknige Hat2 Bbteioeleyt ths CORecalp@ra’ tsirg supgliahid thehRC

or ocessi ng U SBFARVERsedl PERTRE e org SR C ST BRI Ve (e
PC 80 conmpuhesCDhhe atvordans wieh e fniayaptdeessiml thed givandl storvel g adlane 10 thettbidovidagi s of

t he known nmagnification X. Next, the PC 80 conputes the center P (bore
center) 1of TH¥bore w of the work W30 fromthe obtained i mage data and

then the di st anceshpéwerFif hefico MRl ia@rhoiRpsantee bodtti@R e, tFanPPLget
original O This distance I1s the eccentricity wthat is sought for. Thus,

the wor k WeosPHESH drogt the abiriasd igr2ee e wolhen Bt kedter ReYIEoY AFCIEfiePsERE e pet al

three internal shape center positions Py, Pz and P; is computed. The center of this circle C is
the sought position O of the external shape center of thc master work M.

20 Thus, the master work M held by the work holder 22 rotates with its external shape
center kept in the same position all the time by the centripetal action of air.  Therefore, as the
bore m of the master work M rotates around the external shape center of the master work M, if
at least three center positions of this bore m are found, the position of the external shape center
can be determined by figuring out a point at equal distance from the three internal shape center

25  positions that have been found.

In this way, the PC 80 computes the position O of the external shape center of the
master work M by determining the three internal shape center positions Py, P, and Py from the
three sets of image data obtained at different rotational angles and locating the center position
of the circle C passing the three internal shape center positions Py, P, and P;. Then, it sets the

30  position so computed of the external shape center as the origin of the measuring system.
The PC 80, by using one of the three sets of image data, computes the magnification

X on the basis of the known bore size L, and stores the computed magnification X into a



9 action of air, and the position of its external shape center coincides
with the position O of the external shape center of the master work M when
the master work Mis held. Therefore, by figuring out the distance fromthe
position of the external shape center of the master work M nanely the
position of the set original O to the position P of the bore center of the
work W 5 the eccentricity w can be detergm ned. The PC 80 stores the
determ ned bore size d and the eccentricity winto the nmenory, and displ ays
them on the display (not shown). This series of steps conpletes the

nmeasur enent a@adry. uﬂhakmnﬁoeé sioL. Bfenteled ine sieR@d®imtadvinke byl theweerbipr tdieg ai r
feed device 33 S Sto and so is the conpressed air feed |0 into the
work socket M ceb%(“%gﬂwf‘ he work lift drive motor 64 is driven to raise

the rod 42 to thermg sied 61 st8ph €6mSIERNHD it Sdefingd N Upbh terhpletig of theigitiadr K Wi s
retrieved fromthe work socket hole 26, and the next work Wto be neasured

is fed intoSetHRe. WsdEve B Meirfendsleyise 35 sivppadnndss ivthg compigssgshair fagd into
eccentri Gi t YhoW@k sdcR@thotliek WHRF @BatTBR SaERwhIR N RGreRRI& %@%Mr@soc’k@t As

hi t herto described, the di mensional measuring apparatus 10 in this

enbodi nment d:lakﬂéasr |y and accurately set the origin O of the neasuring
system Also, reg O of

t he neasuring systeécq{ &g??eé?%ﬂgp?i %?{}tléolt?étg% errhtégc?lgré(??/b%g%gh@%eré 5??%%:‘%‘9%% of
eccentri ci t)ﬂcm&drtm@t(tﬂﬁ@hskmpmy berwaelvihn cantasf e egtediahgapoaridhiatpf ther art ,

but then can be e easi gé{f?let faorth, This feature i r.ticul arIX useful where
the work to Bgp g VoK ﬁor’ﬁf’ﬁe?ﬁ“fegélferfﬁ?as‘% HNCASLGERIYS 5 ferrul e.
Al t houghi¢ hexcsoasilisicdwe g fMds},ﬁ@éjmhﬁhef hi s enbodi nent | s cylindrically shaped
| i ke the work to be neasured, 1t need not be cylindrical, but onkﬁ requires

a visual |y percei TBtBe park Vonbpmeastesd dniaserigd ito the worlnackgs hale hevaRkr ked
with a circlygipRr@lin®Nfe &S o&et Rl %6, Wik iGRM Qé?nglér%g easmrrahé stogprér bite 36

addi tion, though the bore center of the master work %/I used herein is off

i ts exter nalis aqsapaodated within thej work seckpitholecd6t y i s not absol utely necessary.

In this case, all yiag ftﬁeh{'(ﬁ'ﬁwglﬁsreﬂatmﬁhﬂpﬁoﬁ%egé¥ ?&9% tehORSeeEy devF& 3@@@' P3
fromthe three sets of |Inage data obtalne erent rotational "angl es
are exactiy driven toelinesd compaestddiagr of o pradatepainéd pressungfintd M aininekapdrt ¥hagdiscent er

positions pr L r ile
Pt hi o onbody RetE YR vE BT UL sdebft BB 105 nSTARE: GEREBE o v
arranged at sohleet btrﬂd 2@fn thiborimonta! dictiat whitd temzengﬁgdd péah theotoppbreplate B6 imthect ed
into the Work Yol | q]%q ia i : end
of the work S0¢ e reﬁt ‘P" %6523 SUﬁ tqe 5o bgg %Sle/tgllnee%ps psri(%?e\?mgf'%gg&tﬂ%aﬂ%atﬁg&%t
stopper pl atpupdsa this case, corrpr essed ai r fed to the inner
circunferential f ocket h jected fromthe upper
part of he work S’ghel?q{’ “Ho %%Osﬁlﬁ"edeasgfe ete dtl%ﬁr nsmeera%u"(?g 0> he wor k
socket hol e Rghting uhit 78 wdrikgn tb feadidtd icbnd)facd: dsfehmwwatrw wathrnﬂaxmmnin@ugh;

positioning can be.,ac rin rear end ifte
master 5 work Mi ﬁrthS g‘%h gkf‘swl ﬂé/‘tsﬁ EUEN c?" ?Cco ewo g&vzﬁqu\"ﬁ%h‘ end
face of the naddree, avdtie iMagoofiha ehd ﬁnceﬁlftﬁaWodkeNus"mgzadedny théleCD(B'a)marﬂBra 76
fromthe transparent stop er pl at essed ai t he inner
ci rount orent a1 08 MG BRI B AR SR EHETRe 85 n el pEBE WPk ca
froman akr estRS Hore §iRAd andthSResAdityto anﬁé'%ﬂoWﬁx%Fn%ﬂerﬁ a{éd&ﬁlaﬂ&ﬂ@lﬁh part
of the work socket hole 26. 10 Further, though in this enbodi ment the
position of Ehﬁé‘“%?t%%?asl‘“gsﬂﬁ%émé@mde?a‘#@"‘éfet erm ned by finding the internal
shape center positAONSsifated ifFig4 FirfieBC OB RS HRBokG2d D68 tRSvhaiftly | MROE
data obtained at different rot at’i onal angl es "and | ocating the center
position of #nagedateen thedepisgf theknawiy magnifiaiem¥l shape center posr tions P,,
P2 and P3, the POsidhof B sb DEnfN3ARhieP PARS: GARLET RARER Afllw e w

o} Ifferent

determ ned on the basis t wo ses I mage d tal ned
rotationa afrgiehe olitmnqm:l@gfc@ssceandfthmhe disthecedniovetathe conmputhebmscr&err Rwdk M

is imaged t g8, Al di fferen tion the ratational angle O
of the mastyr WorK FIesR F{)hefrt"s%é?flce‘ asu“rgjtﬁmstgff’iﬁﬁq‘isr%gkbtg%rtrons of the

i nternal shape cenries, thosbik Wishdi ataBstet titd Work isgdkeieblOB b the Bedifigtdiwo set s
of obtained i nage data. Next, a circle passing those two internal shape
center 20 positions P, and P2 is identified, and its center is conputed.
Whereas the center of the circle so conmputed is the center of the master
work M two such circles are identified. Then, polar coordi nates having the
centers of these two circles as their respective origins are set, and the

i nternal shape center positions Pl and P2 at these polar coordinates are
figured out. Since the position of the internal shape center position has
been shrfted by rotatron fromP, to P2, t he set 25 of polar coordrnates at

. B o ~ 12 1 o o ) T 1 o



12 Next, the |ift drive notor 64 is driven to bring dowmn the rod 42 from
the predeterm ned standby position. Wien the end of the rod 42 has cone
into contact with the rear end face of the work accommobdated in the work
socket hole 26, the descent of the rod 42 is stopped. The coming into
contact of the end of the rod 42 with th§ rear end face of the work is
determ ned, for instance, by using a pressure switch. The PC 80 acquires
fromthe encoder 70 the revolutions of the output shaft of the Iift drive

motor 64 r CRHL ﬁtdau:,r nd t}up E?chsﬁtpg f’%s éx?cr%ﬁnﬁaé)e%lﬂer yh HR w Lhtlg p%ﬂﬁor{ 6 th%nd

face of the™Wor erence he revo ns acquired and
t he ref er enexgernad vigipd témms)f tie niastetl@okrNTiwhed theamdtet werkdikheidn gIhhrelf(Se Jdgnmput ed

fromthat differenc Thus,. as. the.rod 42 m)ve and d opaQrtion
o ho eyl At g acei Tt he P b ds, XEal e chties o v sl R 1 ¢ of
the rod 42 galp@e ?@itﬁfnrﬂflﬂﬁd;eh)hgﬁﬂag()[ﬂoﬂgs guditioh PSf iR\bRe dch@NSE, th@Rerkow,
conmputing their difference fromthe reference revolutions, the difference

in |length fheaseHECIPhYCal bodtgmingd be det er i ned. Then, as the |l ength of
the master work g, e 4o ﬁvr\@s th?ﬁhﬁ?&mﬁrﬁg b?ée sL%rd%ﬂ&?ne'e h&luy 1Etro%'3 &Fr%%ry,ni?% er

work is found, the | engt feasureq can be conpute
t he work Iemgltd?splzfys rrmasanrtm‘ldnqﬂa)d(esmhbheﬂ above, the rod 42 is lifted to the

predet erm ned dri Qsi tfl on, E above- st at ed rreasurlerrent of the bore
size d and the ec'%%‘t% t“S?PW %%“r‘ PFASHremS B apfi pon CoMaPIEHIR  Bonal

measuri ng appafidst, auadnme b}ihe aR MdedAeVIENSS 1831 ﬁdd?ﬁhd@ﬁ@tlﬂé orhjt€ssk@aig tdad of
the work. To add, alth gh the shifting quantl y of the rod 42 is co uted

from t hér el B¢ iWSH‘sSOSIFCt ple 2P £ Theg e oTkbiftrive giotas Ghds GiveR o raish G574

devi ce of W&ﬁﬁyp@ﬁ@ahu&a@mh&m@ﬂo@s Af@drlthat FhOwork (W )s B RRV& fBorh G driddi nal
section of a work holder in another enbodi ment, and 25 Fig Sﬂb shows t he

b-b sect i onsasketolg 266qr51)the NeREWEKNY torhemessyred ds ﬁeﬁmthswwm@cm e8! der 22
inthe fore r n ference
nurer al 5. ad i fheSERIMETRAL ot AR GRAY (R ABACW A Pinboct PRTRUET TETER o
a work i nseptoeetlurmat 0 a wor k socket hole 94 at the center of the work socket
hole 94 hy injecting.,c ressed. ai,r fr.omradi al for .al.r. outlets 92,
69 © Ot Bt rise RuRRP H<ER8E B ipenkiO Rk Bk dprafigREidgR s fiogihay
outlets 92, clieasily andalbﬁiritéllylﬁﬁdhd atiginno ofﬂiABneaumthSymd Immrregaaﬁngnhe

conmmuni cating with nul ar forne i.r feed. path Thi s ai.r feed path
o Commni ¢ AtaE kA R seingtg SR P T dls il Sorleetie il e

ci r cunf er enttdehtrit@g gndafie mmumﬂecm&t&ﬁy n&4d not Be fdowar ifi adhagnglacddding to the An
air feed device 1811“ s connect ed thq‘pa' r intake, cgort 9 Vi a a

pi pi ng (not PERATR PR B S orthy ts featyre fsRaFctiary ush ‘Ill“f ‘Ei(‘é’\()ﬁ(ctQ 108
to the aior ibBhRkeirdidhh iffhitesimal component, such as a ferrule.

Although the master work M used in this embodiment is cylindrically shaped like the
work to be measured, it need not be cylindrical, but only requires a visually perceivable
portion on its end face. For instance, a work marked with a circle on an end face of a column
can be used as well.

25 In addition, though the bore center of the master work M used herein is off its
external shape center, this eccentricity is not absolutely necessary. In this case, all the three
internal shape center positions P;, P; and P; from the three sets of image data obtained at
different rotational angles are exactly the same, and this common position of the internal shape
center positions proves to be the position of the external shape center.

30 While in this embodiment the peep hole 38 is formed in the stopper plate 36 arranged
at the end of the work socket hole 26 and part of the air injected into the work socket hole 26

is discharged via this peep hole 38, the end of the work socket hole 26 may as well be sealed



In the work hol der 90 configured as described above, conpressed air fed
fromthe air feed device to the air intake port 98 is supplied to the air
feed path 96 via the air channel 100, and injected fromthe air outlets 92,
92, ... toward the central part of the work socket hole 94. The work
inserted into the work socket hole 94 is thereby held at the center of the
wor k socket hole 94. Fig. 7(a) shows a IH%gitudinaI section of a work

hol der having a function to rotate the work. Figs. 7(b) and 7(c)
respectively.show the b-b and c- ections of Fig. .7(a).. .The sane. to.
renber s ae PHBASBPRERG SRR daRREheSmRiesy P o Rlped S sF A eRa
a?S;gn?d)re&ﬁeﬁtﬁyebﬂﬁhﬁgt&ﬂﬂﬂﬁEeﬁeﬂahﬁﬁnﬂu?©pahgﬂ(ﬁﬂmhmﬁhfkkameﬁ26PhEigs.
7(a)-7(c), in a wo ol der. 102, there are for a pair o ir outlets 104
and 104 for ﬂwaﬁra\v?r[ﬁ@tnﬁg%wﬂ tepwoskignckednles it Reeuibegifecbpishemwas ©
for centri pefa dral: BitiORink 0 BRQIckomplighdd WringRf; HWGEd ch@bBthisNGedidastotit | et s
104 and 104 inject air in suitable t 5 positions forrgenerating a rotating

force on St hofotkntogeripgt sthithy @diiaes ofeciod i k diemdreeng 4ace ph the masigewgEl r of
ai r outl et s p Qb RMEAn4n BE ﬁnz{g@ﬁ AR the [T PORMeL ﬂ?{"t?orﬁkhe%hﬂ?ﬂaﬁéﬁt §Iﬁ@d€?ﬁl§tef3r6pm the

center of the work socket hol'e 94 and in parallel to each other. Fromthese
air outlets 104 aH coopressedaiifedfadi inndr siscunifercong) fass o€dhe aiork saskenlivlg0! vy

reverse dir ' r.e. l.0j q r . . i nj
compr eased S Rifiold £420 b BeRRU e BRAI nbd sk SShSthoer
force i s gempenafthelwork sobletdeR6t 0 rotate it around its axis. In the work

hol der 102 configured as descr. be bov conpressed air, fed fromthe air
feed devitoe ot pviier ToyERa BRbodaey Sue fRRR BEHF Sk s +h& ot 06
via the air deeaninel bylfdingaBelintafhad cHapel cdnked Ppoditiehs @i /P, and PLéfamAges Dz the . .
toward the central part of the rk_socket hole 94. e work inserted into
the work sodKEE S dmess da Oﬁvwﬁﬁwlﬁgﬁef ra&atl?rﬁéa'tgzﬁﬁtagJ E&?ﬂ%ﬁéﬁ $RBIck PPH W0 c ket
hol e 94. Corgphesdefassing tHe@kked Mkl stipé cdn@R PofFSh3 PP lafid B, 8 pobiti6gb@de f r om
the air outlets 104 and 104 thereby to rotate the work Waround its axis.

y to. : . .
Thus, as equalerglisiapg ¢RISE cagras wsHhbe determrineg an thebasisolh AFe ety of yargsiag gbgingdons

are injeegd edy fiferhi BB ishdl aBidsl et s 104 and 104 in parallel, when the
injected conpressed air hits the circunferential face of the work W a

coupl e of forces Insthgageist theead fise phide mestrr workd sdmaesd vicear difpgni t s
axis. The us6i,Qfnal m#geg}r’]@%i:f%%g!aqu{al BKRS madte IR SERIAL Y Rimdalifed.0d 42

to have a rotati ng resulting In a nore conpact confi gurati on.
14 The wor k Hehdbe pasdns of thhingrmirsioge eeter poationa |Ps endidaswfigirechent omghd  of

the work by th d descri bed ve.. Thus.. [1.Ngi
(contacting &e’v g%”§{§b?%§e%i'%§%e &éagar'\t 3%? AT RC §zﬁss‘élg§m$ %é:weoglgﬁgg%aL%%B\%)ér)eI%wf nserted
i nt o t he2wworpossionkitant 8} B idk4AtiHEd, tdtkitsventder isobdputed. O AVhdrérs thearegtehofahe titode wor k

can be nmeasured on the basis th shiwyn uantity of that rg. Fi.Q.
o) shove 2o omaned e eEetthe b et 8% SRRl dfin, ROk,
rotate the wobklidares andhhthe candyoof desetwo Eirds. as &felr)respactivd (otiping especinduid vy
show the b-b_and c-c sections of Fi g 8(a). The Sane men‘Pers as tg.ose of
the work hol 18§Fr§11 glapea??ateia%sl iqps h%pdf 3RS erPalar coordinates are figured out. ~ Since the
position of the internal shape center position has been shifted by rotation from P, to P, the set
25  of polar coordinates at which the rotational angle 0 takes on a positive value is selected, and
the position of the origin of those polar coordinates is taken as the center of the master work
M.
It is also possible to determine the position of the external shape center of the master
work from the two sets of image data without measuring the rotational angle 0. In this case,
30  for instance, a master work having on its end face two visually perceivable points P and Q is
imaged twice at different rotational angles, and the position of the center of the external shape

of the master work is figured out on the basis of those two sets of image data. More



enbodi ment are assigned respectively the sane reference nunerals. As
illustrated in Figs. 8(a)-8(c), a work holder 106 in this enbodi nent has
separately to a circuit for feeding conpressed air to the air outlets 92
for centripetal action on the work and another for feeding conpressed air
to the work rotating air outlets 104. Thﬁ, as illustrated in Figs. 8(a)
and 8(b), the air outlets 92, 92, ... for centripetal action comunicate
with annularly formed air feed paths 96A and 96A for centripetal action,
while the j bR Soitib S o e P ARG £Gi@eR oWitfclbnd Fac® BRUeRE
formed rot \Qgéér%dcgl ‘ghkgg’g)gaﬁnsgﬁ{ah&gé%%%e air ffee Satlﬁs ngG,& an 69%4& F%r
centri pet al oaditeitmsis obtirerimdge dtte desiiting Gom therfirstpeckupr t Sindigry, ansltigB A, find Q.
centripetal act.ion, f d on the aquter circunferential ce of the work
ol der " 106, 4 Pandan FEARES bt i e B RE e St oL R Tut i ana 1o
t hese air i redkeg fromitise B88AdipsckapnriEeheckt@ighelie fassiwh wWepoiae P1AGKLQT aid
centripetal actiqon via air feed piping for 20 centri pe actjon. (not
shown) . CompFaigicte Apyingdheonyt eI T Oé}f’ra_‘“itl @éﬁjg@/foeae AN
centripetal @GbhQhhes PAetREn@f NS tf gl[fﬂtéa%e{e%i%d ﬂQg@dl to he fatRRbNn IR BE
communi cates with a rotating air 1 ntake port 98B, formed on the outer

ci r cunt er entthamastacerigbyukieg thix dagled @ehe DOfipnal aagle), thopaditiongofaha extdmsahnel
100B, and to,this rotating air intak ort 98B is connected rotating air
25 Teed devi bR BHE Ve Pydvtont it SrBREe i hy SISy EGRPEessed

air is supplh@sbdromthis rotating air fecd device 108B. In the work hol der
| 06 confi(gured as de&crétj ged_ abo,v% V\heE“&]grrpressed air is fed fromthe air
feed devite 108A FBAIEETRTT [savallablecast whasesapehap bF FERIZONETS IgRNeEfd 98A
for centri peababrmAGhbipdihts I RALQ 6RMRERS HEsoRhE mhstersWiRhi &dcrtRdab&yedbdi tfeced

pat hs 96A and 96A via the air 30 channels 100A and 100A for centri petal

action, and townjiewnl aegls @ efthe master worlsiM ¢antbs dotermined from that sipgle stk pet al
action toward the . r . hpl 4.. e r
inserted into the B&o%?ﬁlgglgc(ﬁrg%&shog%lerg%guﬁy@ aE ﬂ%&gg;\d Wrelﬁé%rg? Oc{lwgmbtgn eélgthé)ff t he

wor k socket tholerkSsén also bSmedsaredc Oififos Eagtbaneasurernent isatirrfed ot inhiee fobowingng ai r
feed devi1 e 108B to the rotating air intake port 98B, that conpressed air
is supplied T8 %fhe rotati ng air feed path 96B via the rotating air channel

100B, and i nj ect e®irkt; @matttrewdrbfd kivgvraetigtiolstrhaelt scadQforaged Uhén, tHdinsst@auses

the work Wto rotate around its axis. us,, as equal quantit.ies of

conpr essed aYV?rIi(ilﬁmfﬁngg}“i’ crwé\r/lé?%get%f’ln‘%g ti Bﬁesengrog Hlerﬁ’agf:ef &g kf’F%?ﬁﬁe‘? Lo e
outlets 104 aodt sdélkét hale PRis@hdagbd with aie siopperipite®s ad scuiphamsadvitii thBiwiogk t he
circurrferentiakefa](éi of the work W there arises a couple of forces to
rotate the WK Bund its axis. The use of this work hol der 106, as does

thg use ab ht he af (uatrettlifomed rl;fd&(ﬁﬂﬁ4h9hxﬁj\%hltd-&2ng dmkaBe tod 4QMRRCLssadsmin@d t he
rod 42 to have a rotating nechanis resulting in a nore lo conpac

confi gur at i offandPRECSHK RHicadie 01‘68%(% “f%‘&shaé Gl%?ﬂ“}acgﬁvﬁ*&@ef??ée\}éﬁake %an
be rotated ol YnadlaeRorkQbemm@iagt lin the dri@¥kdt Aok Q8Bhé Sestént YEiRe rA2TE L S
choice between a rotating state and a stationary state. The work hol der 106

inthis embo¥PPRSAt can al so measure the length of the work by 15 the method
descri bed above. TS, thdd¥it BV B4 D Bl Ptk G0 RhARES ToCko®hR R Voldtdnt B iy

contact 25 output shaft can be determined. The PC 80 acquires from the encoder 70 the revolutions of
the output shaft of the lift drive motor 64 required for the rod 42 to come into contact with the
rear end face of the master work. Then the revolutions are stored into the memory as the
reference revolutions.  This is followed by the above-described procedure to determine the
position of the external shape center.
30 To measure the length of the work, first, the work is inserted into the work socket

hole 26. The end of the work inserted into the work socket hole 26 is engaged with the

stopper plate 36 and accommodated within the work socket hole 26.



with an end face of the work inserted into the work socket hole 94 of the
wor K hol der 106, the length of the work can be neasured on the basis of the
‘'shifting quantity of that rod. Fig. 9 shows a |ongitudinal section of the
configuration of an essential part of a rotation drive mechanismin another
enbodi mrent. 20 In the foregoi ng enbodi t, the work is lifted by the
action of conpressed air injected fromthe inner circunferential face of
the work socket hole 94 to bring it into contact with the end face of the
rod 42 to supporf;.j.te.Fk e 16 . work is
brought into con%%%tm$ﬁﬁﬁﬁ¥%éogﬁgp gggggP%ﬁﬁ%mﬁggmgg%ﬁﬁﬂﬁ%égﬁmay, it may
becone i npessketingintdstaudby pasitionh e Whon khetead oftht radpiethal cand inGecobiaciowitpthessed

ir if the fricf] t the rod 42 and 25 th b t.
' vi ew of NS bROy TRV Reta g £ F R ot R Bhd o Rrareor b B 0s

il lustratedsdtsppeil.,g. 9, and the end of the rod 42 is brought into contact
with the rear end face of the work via this sphere 110. This results.in

poi nt cont act bet MetIRhHBt RBtaghAS thend of th -t Withhthe reaq et faga e the Verkiipnal

force fromdprermtdorliffndé @husihPa pHbuRCIwilche work to centripetal action. 3o
I ncidentally, the sghere 110 may as well be placed interveni ng between the

rod 42 and the wHh&PE 88 aemiresofforn theicaepder 7G the favaludprs abtherawepui uftap theAifot her
concei vabl ey, i j i
gdéntshiewﬁ 6lt ae(\tt\lnﬁ%({]fof (R 18 40 }&rt%ﬁ frfo &&%&@% m‘ae b End e §2naRd.

support wor e en Iswre 1 s Illustrated in Fig.
10. Thi s erighdke differengsrbictwaen thelyevobuioheaqeidedt and erreferqnet mivolagersan by t he

flexure (el I i f | gt ll L another alternative is
to fix (1;14 me%%gel&lr%u%ﬁ%;lé)gl%qﬂgﬁ}gtﬁésacbﬁl Pééﬁgflﬁrg)ﬁnjtﬂi igﬁ'ed I%J%Afg'ncy of the work W to
t he rotation shafThus}ds the eodat 2trwvesiap dnidowarninlpfopdrtibh e the ckvdRtivasaf thedift wei ght

116 illustrated in, Fig. .11 Thij bl th k W bj ected t
cent 11 pet al S F1oGH ytng R ah ot ol A eettbeBietmipeh By e L on
bet ween t heretdigtiohs, 2a0 8y tHeputag kheWdiffergice &bm tht G ferdnte kdvblisibisathe sliftsRer¥ tser nal
shape cente met ho a mas wor k in anot her

r position determnin d for er ¢
enbodi ment .le\‘@éﬁo‘?‘ﬁlée ‘Hﬁséetré‘i"rlﬁfﬁ"lb%l@ﬁe’é‘mf‘%ﬁ a&é‘&“’éf thﬁitlﬁﬁt}%‘ﬁélé‘if,“asf%é"oé'ﬁﬁ face
of the nmast@lownOédee MelditrdréRe @fleiih A thdtBhaGBMPoR iy Dusdl MSle@tC bl thé @ork taher e
the bore m has passed as shown in Fig. 12. The PC 80 determ nes the

posi tion O Rmemwedsandietampefidpe center O of the master work Wby conputing

the center of thisgiefineGloRk ¥ngBYs héisdred RS NQEibeli A0ove! ME rdAADiid 1iRdY Bfind he
external shape center O of t%‘ue master work M can be effectively determ ned.

15 Det er mi ngfedesmted drige pasitloarang ¢ abpymsteed measureseat ¢fibmboansizgaid Bt ai ned
by a CCD cap, p[gﬂ@}ﬁc& e'fa?r?eq_ by any of various known image processing
t echni ques, f stance fromthe contour, fromthe area center of gravity
or from20he m dpdihos,shedimdnsimakmenssring appaatys 1W\i this embodimest canbloel ingasute par t
of an end f e k (rectangul ar area A including the bore) is
i mged, and&gﬁcgg%‘cogghﬁt%{éi ty, bore and ot her dinensions are figured out

To add, although the shifting quantity of the rod 42 is computed {rom the revolutions

of the lift drive motor 64, some other appropriate device of measurement can be used as well.
Fig. 6(a) shows a longitudinal section of a work holder in another embodiment, and
25  Fig. 6(b) shows the b-b section of Fig. 6(a). The same members as those of the work holder
22 in the foregoing embodiment are assigned respectively the same reference numerals.

As illustrated in Figs. 6(a) and 6(b), this work holder 90 holds a work inserted into a
work socket hole 94 at the center of the work socket hole 94 by injecting compressed air from
radially formed air outlets 92, 92, ... toward the central part of the work socket hole 94. The

30  air outlets 92, 92, ... are formed in two rows, upper and lower, each communicating with an
annularly formed air feed path 96. This air feed path 96 communicates with an air intake

port 98 formed on the outer circumferential face of the work holder 90 via an air channel 100.



20 on the basis of the inmage data thereby obtained, it is also conceivable
to i'mage the whole end face of the work and conpute these factors fromthe
‘resultant inage data. Partial imaging of the end face of the work as in
this enbodi ment the magnification of pickup can be increased, naking
possi bl e accurate neasurenent where a CCD with a smaller nunber of pixels
is used. Further, in this enbodinent, a gylindrical work is to be neasured,
but the nmeasurable 25 objects are not limted to this, but any work having
on its end face a visually perceivable portion can be used. As hitherto

descri bed, Agre@fat ﬂgv@eoldshec@haﬁ@lrtb tHerWa b kepbrt 4816 PO fdel piPpingQhotishew®xt er nal
shape center of a work can be eas and accurately determ pned by nerely

usi ng a wor ¥dfempPressed Airiis fd ERp q“éé’é¥°§d\9‘i3‘§€?a1q890 perdnigkanast Bor ti on.

Therefore, the pagidelyiik RELd&D cBfigRFAAL JSRANR BBV BEYhSEssed a:?i’e%rfro%{‘the air
infinitesimal work can be easily and accurately déeterm ned. It shoul d be

under st ood, ferddgmiaerto thenigtintakeenogt 98ds supphiastte theiaideadaath 9 via theairichyragt 1080 t o
the SpeCFf' gnéi ﬁfe&@d ﬂbnﬁ‘f}':eoﬁxe&get@% PN 1e5Garl AL AN a&Bﬁhk g\‘)ﬂ&fo!c@? big 9k O
cover al i cations [f'ernate constructions and equiva ents
falling w t&hawedkdnsped into thmdokcogket lufle $4is themberlnt:idotntha@er@mmfelmwklswkbhe
appended cl % 18 WHAT IS CLAIMED | S: A work center position

determ ni ng i3 hod for a wrk (M W having a visually recogni zabl e portion
on an end face t Hég.€i¢d) shdwsen lopgitudohaswogmiod angrk heds heyisg afunciat atrotag thdre

k (M tial d t h f d f f
he work (et B r BT SoBtestlh el PR FE hrtPmagl Eernt Ak ngh F¥im an

i mage obfpai Arkehberd al fh@sddmlﬁimkﬁblﬁ&%anﬂﬁ%ﬁeg&ﬁlg ehbaiment beriRdpnedhape center
(O of the end face of the work (M W projected on the inage pickup device
(76). 2. Thé“*sﬁﬁﬁlke‘lﬁgﬁtsémeE&?WFBW“%F@'@Hm ning nmethod as set forth in claim
1, wherein the POg{ ﬁma&téafmme ROLIRENA 2 WHRRSIAGED Stherk Be fefmédmepaﬁnﬂafrace of
the work (M Fro | ected onthelmag pi ckup deV|ce(76 i s determ ned by
i magi ng the Oé‘r*RﬂS Qcaad 34 fon eotyiimg khe(wark vy adgition te the ajrpnbts Pe.ORup ferepnteigetpl76)  a
plurality of cﬁdnra%%h@&org' f£RE pAlt o ik Fden3lairdN LS oL 1bn9,H5at 99 iyl
position of a center of a ci e (C) passSing every portio P3)

vi sual | y!5pempesitionsdorfgeneratingml ravating foyceon thﬂ)\v@rkm@dmdm@éhc wgrk S?Fh\@t kmjp R4.cent er
position de wor k
(M Wy s rgub e ot ARG RaEh 10kt Ry Bl Rt iMRRES KA E OF

t he wor k sockmtr ditheevdrR 6qck@hplads andjnemaralhgtoaamh dtheym Emm thererair outlets 104

ci rcunferenti e of e t he

wor k socket aﬁé1 IlOéI? lqt@aﬁltlf%o 8om%r?s%§(¥%#161 tuall&%g\?ers%;hzrﬁs%tf W?Erg 1&]%&%{9%( 42)
into cont actpamilelhartdh/ehemtﬂaenjeamﬂcdrmessafantlhe thmdcu(nMrerM}ll fabxaof thdreorknaged end
face. 4._Th qot\évt% center |t hoeqmq oro ng. dJEsha())(g as set forth in claim
1 or 2, #herdl ngcfﬁ WOTR ‘?F/ﬁ ed Pto a work socket hole (26,
94), heI d at a centtee wofk ltomer\kmdonﬁgurkcbas deedribeq ﬂﬁ),ve%)npmzseldmrefed frmg thad r

et dot he bt R LBUREE Foe Trase POGaT s el Bt e 3% rellRESed BE i ihpiom t ne
inner circu rmoefﬁﬂﬁmjedte(fmtlﬁfalrtoh&etm 1925.0 edeeird hxelcen(alzﬁart S4he torkaofk@shdle on
AR KT EIECNE X KNI TN /) M A
recogni zapl esopif holeps.on an end face thereof, the apparatus conprising: 19
a work hol ding dewoﬁl%ressea alrwcl:ldI t% rt]heha(l)rI fggd gart]hG% is aligo mjectc}{i\] from the air outlets 104 and

104 thereby to rotate the work W around its axis. Thus, as equal quantities of compressed air

in mutually reverse directions are injected from the air outlets 104 and 104 in parallel, when

the injected compressed air hits the circumferential face of the work W, a couple of forces is

30  generated on the work W to rotate it around its axis.

The use of this work holder 102 makes it unnecessary for the rod 42 to have a rotating

mechanism, resulting in a more compact configuration.



a rotating device (14) which rotates the work (M W held by the work

hol ding device (12) in a circunferential direction of the work (M W; an
‘image pickup device (76) which inmages an end face of the work (M W held
by the work hol ding device (12); and an external shape center position
conputing device ( 18) which conmputes, from an i mage obtai ned by the inmage
pi ckup device (76), a position of an ex frnal shape center (O of the end
face of the work (M W projected on the'image pickup device (76). 6. The
wor k center position determ ning apparatus as set forth in claimb5, wherein
Lhe external Shapg (R hliDRS !l RLuEBIRKA Al RS nl B SUFRL R BD® |
position of the external shape center of the end ace of e wor

W proj ecte‘rstrm”uhctdhksqrﬂvagqusclepls,dJey\brmgingm)rodbgcoﬁuaqmglelfﬂg;neult)t42antp(osntaaton of

a center of .a cir sin ort| 3

ooy coi ved PilaRshElefs & the BBRCRRALEHE K ool o aa BORE HhrtholdG b e o

t he work f( Mngﬁé\)ofﬂlepbdtkai)m ﬂieym&ELF]x’édl ﬁieﬁlﬁahsxﬂbfftlﬁe&dhﬁﬁhg qmag'l(ﬁlﬂ&k rangl es by the
i mge p|c up dev 7 e rk .center sition, determ ning apparatus
as set forth in Ba’?é& 53"8?ah’“g%ﬁé'ﬁﬁer‘i“‘?‘h‘éf”\WEgﬂ'SFrdlaﬁ’@g&éWCé‘BH {“fgﬁatet e
conpri ses: waMldoheCdafodhine (F%@ S(Qﬂﬁndlm)%s it By tshéw WRkb 4 c-Wechidns
inserted; and an air _inj ectlng evi ce g 3 31, 32, 33, 34, 35, 92, 96,

98, 98A) wief Els B@) d<The Kameumpmdraps thgseioh disroskingldary 99 prel WBrik thefemetintol e
(26, 94) alenRoGifiRheire ki hélﬁrem&hwegptﬁé(%né}gﬂeﬁmé@xﬁxme%a by injecting air from

an inner circunferenti aI face of tthe work socket hole (26, 94) toward
i nside the work &sdketraterbindigs2®(a)- @(4), a vwerk Iiideruoe ko thiswmendipiesi has saparately

det er m 1%&8&?f0?tfééﬁm 01§1§r_tessfeéD E& g) th%]zl %)lﬂle'fpé fOlGC ?{nggta\llmwﬁﬁ ?il] Hletwh) k ;n%t ating

devi ce rings a fotating I'nt'o con e en ace of
t he wor k ( Mpotiyr fanfdeding anasestsé'deawm the wavk rafjtingnirtdudetsil@4&unt er ent i al

et orni i ng. appar e DB el Bies 1T ARERAR Tk e g 24 S e *hoon i <
a rod (42) acoératonrgunicate wieh mnnkauyfcemed\m'r &leddiitiﬁﬁ@ﬁﬁl a 96A ﬁﬂcehﬂqpe&imectm,r k
center positi.on det rmn n ar et forth laim$9, . wherein the
Cod C115 " PR SR it GRRSNES i Rca ok Rl atholefly Sorfedrotimiig e

det er m m§ ngpadtpgw®. at us, as set forth in claim?, vvhereln the rod (42) is
brought into cont ct. wwth the end face of the wo heri cal

body (110). 12. TReARHR PRBRIY anioliy loperngaral fr‘ﬁ“ﬁl‘ ﬁémfaﬂwa?tawg alraga‘?et

forth in clgydw®Aahd 3§ roMeftBpdtal dctfRRihERIn BOENMe drbhfdréntil &L otitRe Rorkend
of the rod (42). 13. The work center position determ ni ng apparatus as set

forth in orfoldsr 104, xiar gpannslsi9OARRY 190y for evnyines a“gwnaanéﬁ? theperft igBds pYItS( 46,
55, 56, 58,980is chhectBd an 8PlecdRi il l@bAff&SceBthﬁetﬁl%ﬂ&d N af QLU GHikh} back and

forth along an axis of the work socket hol e ©a shlftlng quantity
neasuri RY depirpetal agpn ({ef shewnb a Seangsessedsi lﬁﬁqmbe%@ﬁmlﬁ yir fed dejdce 9B8AtfPhg
devi ce (14)genafpeafacti@fPut i ng device (18) which conputes a length of the
work (M W according to the shifting quantity of the rotating device ( 14)
measur ed by the <Hithe piigr pndrihg W“ﬁéalégqeij nghaéféncer@m@meytes with a potaimglaitcent er

posi tion def,eiphat g8, %&%ﬁ%% Ju?err cftc ‘Pﬁ‘éxlémgdvlfac%f A8 WoROhAdet 1186134 ¥
recogni zabl e portion on an end face thereo the apparatus conpri sing:

rotating air channel 100B, and to this rotating air intake port 98B is connected a rotating air
25  feed device 108B via rotating air feed piping (not shown). Compressed air is supplied from
this rotating air fecd device 108B.

In the work holder 106 configured as described above, when compressed air is fed
from the air feed device 108A for centripetal action to the air intake ports 98A and 98A for
centripetal action, that compressed air is supplied to the air feed paths 96A and 96A via the air

30  channels 100A and 100A for centripetal action, and injected from the air outlets 92, 92, ... for
centripetal action toward the central part of the work socket hole 94. The work inserted into

the work socket hole 94 is thereby held at the center of the work socket hole 94,



a work socket hole (94) into which the work (M W is inserted; a
centripetal action air injecting device (92, 96, 96A, 98, 100, 100A, 108,
108A) which holds the work (M W inserted into the work socket hole (94)
at a center of the work socket hole (94) by injecting air froman inner
circunferential face of the work socket hole (94) toward inside the work
socket hole (94); a rotating air inject |lag devi ce (96 96B, 98, 98B, 100,
100B, 104, 108, 108B) which rotates the rk (M W by injecting air from
the inner circunferential face of the work socket hole (94) to a position

wh . . ina.th
AT fohit an outie Shfifelds SERRANGYHBRobHR, Ml dohensRRduE a0t e

pi ckup devintake @6 P8Bithattvompegesd atrhsaswphi:dftad:le rofatinghair feed kath I%BWa theisert ed

21 into the work.s cke Ie utin evice ( whi ch
comut os. agtitecirnetE 0B, Sadifiskied BRfRe Coieh: pllS St g ke TR ps e
work (M Whep¥dk Wio&dta&rhr&')d]ﬂ iisAR@e mwskaqueﬂvlua:rﬁmés?@t)compréss@iwﬁn iA gnudnHllya
pOSI tion of a center of a circle assl n? every portl on vi sual ﬁ/ Percel ved
froma pl uFeeise fireptionsarg BiectisiEamy g apwuileth 044ndt 108 inprvalfekorhenthq igicidr k (M

W a plur a'cbﬁ%re%@d b Hﬁ§th@hrﬁirﬁf‘en‘%ﬁt‘?ﬁtfac59? e ey, e £RedYcduBR IriEE& (pi ckup
devi ce (76) he work center position deternni ng apparatus as set

forth in chretpmthesvorisiVéprind ithaxisent ri pet al action air injecting device and
the rotating ai rThe%s@%H 'f%wﬂﬁ‘ﬁbﬁi@r asl s e bk & the IHRMeRuGRITRA I%lﬁerSUpp' y

source (108). 16 center oéltl on determ ning apparatus as set
forth in cll2,madkés 1twhmc-sarytfbleh@mdt4f2|tqnbavala retingmedianismpjesdtingp adeerece and
t he rotatin air ecting device are individually fed with air from
differett & ?‘p%ﬁ?ﬂ%“? 8fces (108A, 108B). 17. The work center position

det erm ni ng apparThé werka®ldeel0d i hiherabodihedtgided thelPor@icad Be rotdiéd $18¥ when
conprising: a_contacting elenent (42) whi chis brought into contact with

the end fadetadns dingeddsvice LOBB Y driveadiermaits sheics bPWée%F%atg’@éF@éﬁca‘H&i e (94): a
shifting dewhiegarf 4Ge. 55, 56, 58, 60, 62, 64, 66) which shifts the
contacting el enent back and forth alo an axis of the work socket hole
(26): a shiftingThuwatk hoyderré%mrthlﬁgmbfxgwe@éw aleo psnsere the leaethed the warkbyi ng

quant |t ys Ofiud REAGEBLARHT0G CTRRL b §lein@i 131 OMRUI RSO odfiler W1 P

conmputes a eng actor di ng ti'ng quantity of
t he cont actwittyanednd fangtof (e 2yorkrimentadanto ithe warls sedkict hqlmi}ﬂ ofuther wiotkyhahden 406, itheg
devi ce (70)

CA A9, Age. UGN § e work cap b measuieg o thebasts MRS IRMAY AR Réo A . AH@ . A
& 8TKLKYPf r /' | \ x FigpRisbawd <vagios]mabiecidroe|tixadonfipwrali@edfcajesehid pedpfa) ca] ca] ¢
aJ ca] ca] ca] galical ¢al G ahsgh SRl Hes e ingli 2l cal cRal e<al v
20 In the foregoing embodiment, the work is lifted by the action of compressed air
injected from the inner circumferential face of the work socket hole 94 to bring it into contact
with the end face of the rod 42 to support it. However, where the rear end face of the work is
brought into contact with the end face of the rod 42 in this way, it may become impossible to
subject the work to centripetal action by compressed air if the friction between the rod 42 and
25  the work becomes too great.
In view of this risk, a sphere 110 is fixed to the end of the rod 42 as illustrated in Fig.
9, and the end of the rod 42 is brought into contact with the rear end face of the work via this
sphere 110.  This results in point contact between the two end faces, which can prevent the
frictional force from becoming too great to subject the work to centripetal action.
30 Incidentally, the sphere 110 may as well be placed intervening between the rod 42 and
the work instead of fixing it to the end of the rod 42.

Another conceivable method is to fix a wire 112 to the end of the rod 42 and support
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30  center of even an infinitesimal work can be easily and accurately determined.
It should be understood, however, that there is no intention to limit the invention to

the specific forms disclosed, but on the contrary, the invention is to cover all modifications,
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image pickup device (76) is determined by imaging the end face of the work (M, W) with the

image pickup device (76) a plurality of times at different rotational angles and figuring out a
position of a center of a circle (C) passing every portion (P, Py, P3) visually perceived from a

plurality of obtained images.

3. The work center position determining method as set forth in claim 1 or 2, wherein the
work (M, W) is inserted into a work socket hole (26, 94), held at a center of the work socket
hole (26, 94) by injecting air from an inner circumferential face of the work socket hole (26,
94) toward inside the work socket hole (26, 94), and rotated by bringing a rotating body (42)

into contact with the other end face of the work (M, W) than the imaged end face.

4. The work center position determining method as set forth in claim 1 or 2, wherein the
work (M, W) is inserted into a work socket hole (26, 94), held at a center of the work socket
hole (26, 94) by injecting air from an inner circumferential face of the work socket hole (26,
94) toward inside the work socket hole (26, 94), and rotated by injecting air from the inner
circumferential face of the work socket hole (26, 94) to a position where a rotational force is

generated on the work (M, W).

5. A work center position determining apparatus for a work (M, W) having a visually

recognizable portion on an end face thereof, the apparatus comprising:
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external shape center position computing device (18) computes the position of the external
shape center (O) of the end face of the work (M, W) projected on the image pickup device (76)
by figuring out a position of a center of a circle (C) passing every portion (P, P,, P3) visually
perceived from a plurality of images obtained by imaging the end face of the work (M, W) a

plurality of times at different rotational angles by the image pickup device (76).

7. The work center position determining apparatus as set forth in claim 5 or 6, wherein
the work holding device (12) comprises:

a work socket hole (26, 94) into which the work (M, W) is inserted; and

an air injecting device (28, 30, 31, 32, 33, 34, 35, 92, 96, 98, 98 A) which holds the
work (M, W) inserted into the work socket hole (26, 94) at a center of the work socket hole
(26, 94) by injecting air from an inner circumferential face of the work socket hole (26, 94)

toward inside the work socket hole (26, 94).

8. The work center position determining apparatus as set forth in claim 5, 6 or 7,
wherein the rotating device (14) brings a rotating body (42) into contact with the end face of

the work (M, W) and rotates the work (M, W) in the circumferential direction by a frictional

force therebetween.

9. The work center position determining apparatus as set forth in claim 8, wherein the

rotating body is a rod (42) rotating in the circumferential direction.
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(110).

12. The work center position determining apparatus, as set forth in claim 9 or 10, wherein

a spherical body (110) is fixed to an end of the rod (42).

13. The work center position determining apparatus as set forth in one of claims 8 to 12,
further comprising:

a shifting device (46, 55, 56, 58, 60, 62, 64, 66) which shifts the rotating device (14)
back and forth along an axis of the work socket hole (26);

a shifting quantity measuring device (70) which measures a shifting quantity of the
rotating device (14); and

a computing device (18) which computes a length of the work (M, W) according to

the shifting quantity of the rotating device (14) measured by the shifting quantity measuring
device (70).

14. A work center position determining apparatus for a work (M, W) having a visually
recognizable portion on an end face thereof, the apparatus comprising:

a work socket hole (94) into which the work (M, W) is inserted;

a centripetal action air injecting device (92, 96, 96A, 98, 100, 100A, 108, 108A)
which holds the work (M, W) inserted into the work socket hole (94) at a center of the work
socket hole (94) by injecting air from an inner circumferential face of the work socket hole
(94) toward inside the work socket hole (94);

a rotating air injecting device (96, 96B, 98, 98B, 100, 100B, 104, 108, 108B) which
rotates the work (M, W) by injecting air from the inner circumferential face of the work socket
hole (94) to a position where a rotational force is generated on the work (M, W) and causing

the air to hit an outer circumferential face of the work (M, W);

an image pickup device (76) which images the end face of the work (M, W) inserted
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centripetal action air injecting dev1ce and the rotating air mjectmg device are fed with air from

a common air supply source (108).

16. The work center position determining apparatus as set forth in claim 14, wherein the
centripetal action air injecting device and the rotating air injecting device are individually fed

with air from different air supply sources (108A, 108B).

17. The work center position determining apparatus as set forth in claim 14, 15 or 16,
further comprising:

a contacting element (42) which is brought into contact with the end face of the work
(M, W) inserted into the work socket hole (94);

a shifting device (46, 55, 56, 58, 60, 62, 64, 66) which shifts the contacting element
back and forth along an axis of the work socket hole (26);

a shifting quantity measuring (70) device which measures a shifting quantity of the
contacting element (42); and

a computing device (18) which computes a length of the work (M, W) according to
the shifting quantity of the contacting element (42) measured by the shifting quantity

measuring device (70).



