;e3eTrJ. 6dTwP12 July 2004 WORK CENTER PCSI TI ON DETERM NI NG METHOD AND
APPARATUS BACKGROUND OF THE | NVENTION Field of the Invention The present
invention relates to a work center position detcrntining method and
apparatus, and nore particularly to a work center position determning

met hod and apparatus for determning the center position of a m nute work.
Descri lion of the Related Art One of the avail able nethods for neasuring
the eccentricity (the discrepancy between the centers of t He ewlyedQR shape
and the internal shape) of a mnute cylindrical work, such as a ferrule,
used as an optical fiber connector part is to inage an end face of the work
with a CCD canera and process the obtained i mage data. By this nethod,
measurenent is done in the follow ng manner for instance. First, a work is
i nserted into a“WBRK SENIHiR K&’ lﬂ@&r@gnd{l\énmk MEHIOD AR " air 15 s
injected fromthe inner circunf erg\qqe\lgkrttge work socket hole toward its
center, and the work is held at the center of the work socket hol e. Next ,

an end face of the work is imaged with a CC.D canera. The position of t he:

center of the bore is frgupa@drelodNeoE the nobitaiingd | mage data. Since the
center of the external shape of the work inserted into the work socket here

20 is held osition all the tine by the centripetal action of
the air, %nldo%té?—{é%an be located in advance, and the eccentricity of
t he vvorkscan be ﬂh@m@@dirﬂmiorbgplamahmu%mlt ¢engr fivkigoddegonigpanmeyobetineen t hi s
pre-1ocated LLof t { 8l.ARkinS NERG ARG POSI tion
of the cent ep?%*l l‘"ﬁ%ﬁ ?ahﬂgggg{aﬁgﬁédg EEJ}’%MQ&&% ﬁr oclélgs?rng Th eptpolél tion of
t he center &fdddyminggthercedr pefipe! ofinphevorkock projected on the CCD is 25
determ ned by using a master work of which the position of the internal
shape cent encagiidn bhad RefiedtAte ext ernal shape center relative to the
internal drape c nter dt osition. of the exter shape
center relative ?fﬁlée "’iv‘i’%{< Qf’ Asfos E%{b edg“@ﬁ% g? SRR ghec‘g§gp?n§y p ent'ified as
t he quantoi t she a¢n¢rfhf thecttbod siobe atisheagered tirpoiof y minfkeyldidriet vobrrudfasint s
eccentrici tYrAﬂ% ﬂ&b@fm@gﬂ ﬁpéé mnﬁét(%l ﬂgls 1%&‘%‘2 eg(?ﬂw Jf)ﬂg%rki\ﬂﬁl 1%(f§Ct ion of
eccentricity on an end face of However, where the

obj ect of neE¥trEHRNECST e dinifeAfhagp tifém r%tlthlmfrtbpd rslalélhua@tad%rl? tiF e, 12

July 2004 following manner for instance.

First, a work is inserted into a work socket hole formed in a work holder.  Then, air
15 isinjected from the inner circumference of the work socket hole toward its center, and the
work is held at the center of the work socket hole.  Next, an end face of the work is imaged
with a CCD cainera.  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 tmage 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 internai shape center and that
of the external shapc center refative 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 dircction 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,



it is extrenely difficult to mark the direction of eccentricity onits end
Face (e.g., the ouisidc dianeter of a fcrme is 1.25 rnrn), resulting in
the problem of inpossibility to accu rately determ ne the position of the
external shape center. SUMVARY OF THE I NVENTI ON S The present invention,
attenpted in view of this problem is intended to provide an external shape
center position determ ning nethod and apparatus for works capabl e of

easi |y and accurately deternmining the position of the exterldadulye4 cent er
of a work. In order to achieve the objects stated above, the present
invention is directed to a work center2position determ ning nethod for a
wor k having a visually recognizable portion on 1o an end face thereof, the
met hod conpri si rotating the work in a circunfc entla(
direction th&FEH ‘19“ yn"ﬂfﬁiji“rﬁgmf gé’“éﬁ&“‘r"h‘éég&m% HEOWOFK B (he-d i ‘i“r‘f&‘{je pi ckup
devi ce; andmd&ﬁemn&mnmgh!ﬁﬁ@muaﬂmumggﬂmquamneﬁnmmmhhetwnEQMHQ step, a
position ofd§ external n e cepéer oﬂ the end face of the work projected
on the i mage pi Ck uep°ebr8e A&@@ 'g“t8 the invention, the end face of the
wor k, which has on its end face the t5 visually recognlzable portion is
inaged with the image pi ckupsi@viagg oihenthigmwokk is rotated in its
circunferential direction. The position of the external shape center of the
wor k end sf ace prmhaﬁ&edh@aﬂmhan&mmhbnph@&Upsﬁemhﬁesh&mmﬂnemﬂmmﬁd fromthe

It gg\?\n;{, Ee;ﬁgx rg?é%%enc%%erﬁogg(% dctérggxﬁxl} rtnelF(i;i a]gxd 'ipﬁ%rdtus fOI‘ work Ldrifbll {}FR{NZVI ded on
recognitionMdﬁumm@hnhagenmaﬁ@p@h@npb@¢@Wmnl@Mﬁhhﬁﬂ@kuemmal shape center 20
of the work can Befelakmtagt Fas Lt ARl prBE AR ¥ iRl DESCR! PT1 ON
OF THE DRAW NGS The nat ur i's invention, as we as et her objects and
advant ages PRECEWT posiion detprgniningyypsithei s d Work ftdhégffvwf%w\ﬁbﬁ@nwbﬂ@rpoﬁé’ﬂeﬂ ence to

the aCCOmpa&MmB@mgméMMﬂﬁ§nmm&n%ﬂb%hgnkKﬁp{&ﬂ%&%QQQs&&ﬁhﬁﬁ%@&ﬁu@ﬁ&lgnate the
same or sim/|ar parts throughout th ures arid wherein: 25 Fig. i shows

a profile; 8?“5@8Wﬁ?ﬁé?ﬁﬁéﬂmﬁ§$§ﬁﬁWﬂg' Wi gaecgichup SVERAHS a plan of the
Qinensionaldﬁea@mwlmgnappagabumuﬂﬁmglm&m@khpsﬁmah@sﬁanQMﬁﬁﬂempmnrk Fig. 4
oy B o5 il A E08L SUEREENLEL AR LR AELELER g ot hod Tor

Fi gs. ’6(a) and 6@@%ﬁ¢tdmgtmavematMDmkmhubd@nwwnwambbh@nHeﬂﬂddxngnt 12
July 200{]5 5vaﬂ§ ruu?o(n@)lble [70(“&2))(1 15‘35@ CZ(\E{)I lﬂcllrm‘&?(%g mp% \ﬁquilé th\Juq\ G difleay et .
anot her enbodi nent; Fi gs. % lustrate a work holder in
yet another“@ﬁb&ﬂwﬁﬁﬁﬁm“¥¢©m“91§h&%&maoVﬁhqﬁﬂuHWﬁéﬂugﬁéfwaoéﬁnéhe

confi gur ati @Re phjcan ASEARhIcckRRdlicOf d8erbh@e@trh@eGhidencrBe fanham i n yet

anot her enbaodi nent ; . : . ,
Auonﬁng to this method, the portion provided on the work end face need not be accurately

formed only if it allows recognition of the image, and the position of the external shape center

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

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 characiers designate the same or similar parts throughout the figures and wherein:

2
tn

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;

F

g. 5 illustrates a dimensional measuring method for works;

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



5 Fig. 10 shows a |ongitudinal section of the configuration of an essenti al

part of a rotation drive nechanismin yet another enbodinent; Fig. i 1
shows a | ongitudinal section of the configuration of an essential part of a
rotation drive mechanismin yet another enbodinment; and Fig. 12 illustrates

an external shape center position determning nmethod for works in to yet
anot her enbodi ment. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS An
external shape center position deternining method and appardtddy28104wor ks
according to the present invention will be described below with reference
to the acconpanying drawings with respect to preferred enbodi nent. 15 Fig.
1 shows a profile of a dinensional nmeasuring apparatus into which an
external shape center position determ ning apparatus for works according to
the invention isFigné@r poratdd) liagrakpvggthogeed yitandtiivechodificnly, a di mensi onal

nmeasuring appar agisssG0s3@ PRSP Bgsude Wk HaRkdh A adiMet ebdafn@h; hol di ng a work
Wto be neasured, a rotation drive unit 14 for rotating the mork W hel d by

the work hol di ngtigistove lanesuing! sotion giipe contighmitivp gt S eR PN t 16 20 for
i magi ng thaoﬁnﬁniﬁﬁﬂum&n$MQymmmkmy%ﬁﬁhdmhy the work holding unit 12, an
arlthnetlc and logi.c unit 18 nsi o he work Won
the basi$ of thepglggm“gbﬁggugﬁﬂﬁm”nﬁ tLngﬁ%gmmo%&%nﬁﬁ?¥””%noénd a control
unit 20 f orroegntdriet npabgpitnhioyet aodtivepmigrtintest; The wor k hol ding unit 12 sets

and hol ds the wo gg@ﬁg ring position.
As shown in Fig. ﬁ?,ﬂw%g“aﬁPﬁ (Hofgr@”Bﬁﬁ%g&ggﬂ]Fggygggﬁgﬁ{P'The wor k
hol der 22 |@mﬂ@rhﬁdmﬁﬁmam@mwuwnqwxsm@ﬁémmaww supported by a support 24
standi ng verti Cai:IEJYI7QIﬂ1S@‘IItQQ§ Ecigril bﬂd& L& p%gn(Enr(Q!errﬂ@xﬁg m&hod B} Sodokk hol der
is formed a work socket hole 26 al ong the axis, the work Wto be
measur ed?i sy HSBFTEHOIMES and hel d by this work socket hol e 26. The inner
wal | face of the work socket hole 26 conprises a porous body (sintered 30

netal) 28. The porgus ihady: 28 b RiokQsBsk: bRy RgsbSalehape, and fitted

into a hole 3(3 bored in the work holder 22 1n the inner circunferentiai

face of the hol ea30«imal kiRph® e osnu;]fl?(leflz%x}ﬁnzg’x%()(ﬂlngVIQ}RMﬁma)lwloﬂst Ire
circunferential directic>n, and the groove 31 comrunicates with an air

i nt ake port“3§"Wf&‘gﬁ”ﬁﬂF”Bﬁ%ﬂ%%ﬂ”@?“”WBdPﬂT§wé??“Fﬂ?dR@wﬁSPFmﬁg"ﬁs connc;
cted an alrd&eﬁgndawm¢&x&5mﬂhﬁdammmﬁﬂﬁd plplng 34 ant i conpressed air is
port 53 Basses th P CHAHET 9o S B St par B s the §rabys 3" - and 5
uni formly |ﬁpent@dw@s%mmﬁmnmsmﬁammﬁmthewmbfkuE®QKEMKW@k€K@@Sfrorrr t he

i nner cir CUH&&E&'Q&! alAs fl}%@rﬁt& 11 thé J{rQWlQQr QH&nQ&QVmgx&an [;B?ﬂqﬂils o @)HEMLJ ndri cal
shape. At the end of the wor K socket —hol e 26, there'is fitted a stopper
plate 36. Thé“@@@%ﬂéFmbF%P@wB%%Mé“@dWﬁ%H”Wﬁ“ﬁﬂp+@Pém§ﬁdbém‘hﬁﬁrhas a peep
hol e 38, smajuiag ik RodtivaR®d By tht NAR hbilkag W K a8REKGLax Bk &nab pick@axitably wi th

the work_socket hole 2 S rte to th rk so socket. hole
b0t e Kb ol Strelg o f"%‘t%g}%éﬁ"”‘éf’!?\{’%g R PR ot T R B
i mged throughUUMGB@e@mmmmﬁdwaammeomnﬂmkWOﬂthn$mbpp@fmpha&eoﬁﬁn®w a CCDto
be descri beg, j,p

m%g ﬁckup unit 16, and a control unit 20 for controlling those other units.
The work holding unit 12 sets and holds the work W to be measured ina

predetermined measuring position.  As shown in Fig. 1, the work W is heid by a work holder

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 fitied into a hole 30

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



detail afterwards. The rotation drive unit 14 brings a rod 42 into contact
wth the rear end face of the work Wheld by the work hol der 22, and by
rotating this rod 42 turns the work Waround the 15 axis with the
frictional force of the contact face. As shown in Fig. 1, the rod 42 is
arranged coaxially with the work socket hole 26 and fornmed smaller in
di aneter than the work Wto be neasured. This roc! 42 is titled coaxially
with and at the end of a rotation shaft 44 arranged pc; rpeﬁarﬂﬂ 3@9& The
rotation shaft 44 is borne by bearings 48 and 48 provided on a liftable
bl ock 46, and its rear end is linked tpo the 20 outpui shaft of a rotation
drive notor 52 via a coupling 50. The rotation drive notor 52 is installed
on the upper part of the liftable block 46 via a notor bracket 54. By
driving t hi Soav 08 Gihiderircdmifveninotiodioband tht groause sotheidosdwalRantay intgiteat e ar ound
;23 2)5“ Z.S gﬁ)h 3QVLdtdII;]§lr °Ha£“t2%“lrﬁg‘g%‘g%‘j|§m$e° orgga}s u%zntg géx?aeupig dd QEC ﬁlJSJﬁSLErfgd
on a pair ﬁerWM$m56‘andhmﬁﬁmhandfﬁhﬂmr@nvuéﬁdgﬁﬁﬁﬁé é@ﬁmbﬁ%d?ﬂ Behi nd
the i ftabltg p)'ﬂ%cn xé‘fgm n@féa@gﬁgnﬁmﬁ%l @(mEJu;aéﬁd A% B WQBD aklg, 1. This
nut menber é |nge onto a threaded rod 60 arranged between the' pai r
of rails 5SGLlﬂdWlB’GlWWh‘@WWHF‘éﬁﬁé@‘?‘tﬁk Bokqt é@lﬁ?%fﬁﬁ%@amﬁ‘érﬂﬁﬁéﬁd?&‘m’ar| y, with
its top endpld Akedodb® o2 RN N S @thc@thaae lift dri ve notor 64 via a
coupling 62. The [ift drive notor S suFForte E% ? %% ort 24 30 via
VEPhPP G B

a notor bracket 6§h°ﬁﬁﬁf$9WHWPWﬁﬁ&”?hfémTﬁ (AR YRR t hreaded
rod 60 is rQMaB@anmhanh@ba&m@aa@fm$hp@phaeeadmﬂerdnﬁﬁmmet$e®kaomers t he

AR L] OCk ﬁg«v Ccorldlgicv%{hﬁgc wor%so%%?pole Jl-fy (ﬂxe WOI mseqt’d 2 tl'irvgojlyl ting in

an up or cl W e n a per eardlcu ar 2004 5
direction akmhghmhkhammﬁmmihﬁmm@®atrwmcaiﬁmehﬂmgLaéﬁ“ﬁQﬁahdlmhedl|ft drive

motor 64 ar gm#l;,}%t};],egwm(§1@3§ﬂﬁ&%{tﬁnﬁ§ ﬁzgetbyraeé@%tbwgtrymd Sandbat _the

revol uti ons respective outp S can be dcterrnincd. The inage
pi ckup unit d1#8! Aftasigels with the CCD canmera the end face of the work W5 held

by the work hol def, x%gmon (DNL Snid lmgﬁgsllr&mpmblﬂ!nﬁac&l\ﬁttﬁm{ﬂeﬁ(ﬂﬁcﬁﬂ tdF [ ens unit
72, an AF drive unit , the CCD canera 76 and a Ilthln n|t 78. The AF

| ens unit 720¢”VPV?P%HCW@kﬁﬁémééﬂméﬁﬁﬁ?HWW@S“ﬁﬁanﬁp SESMHE™ Hige of the
end faceof atiheiweas kiclWaebde fiyhd ogasverk hol der 22 onto a CCD built into the

CCD canera 76 in a magni fi ed size. This AF L ranged
under neat h t he Rh( lxrdIé 1251 g)( 1421 1satrr cﬁdwfélglpvmgiggxet%or eLLcZHﬂ ’r’ace of the
wor K VVheId&bmuihaumnmmmhmhdenﬂ@%@*ﬁﬁeﬂﬁﬁmﬂﬂWWe ﬂhiwd?ﬁh$ﬂﬁr@@ﬂ§Wthe AF

| ens unit 72\'1&19{(&1}19"}?11\/& il Y(I‘g{f]ﬁ SH%\F 494111' MQd%WandZ,‘hdh? I%@r\étﬂ&dshm ifisa range

findi ng sensor (not own, bj ects | ens unit Co AF drive on
t he basis oﬁ“mﬁpbmwwﬁk6%M@ﬁgPW@dﬁV§P&HééCW%*ﬁﬁém%ﬁT%“éWﬂﬁﬁﬁbé“ﬁPbV|ded by

this range to@tﬁﬂ'sﬁ'eg( cﬁ@ Fb‘i:Qllbn driRWSor 51 vil QC(N@E@; Sherroth@n Srivnhdiors2 ion Che end
face of the work W

76,
install ed Oﬁm{ 1Heed cwéléc upﬁcé pXr %Lélbeégta&e P]ck 46 v1aﬁl m( t?r%racket:%% %C[?nvm([r%ma

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. [ 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 ts 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



face of the wark Wnmagnified by the AF lens unit 72. To describe it in
nore. detail, the CCD canera 76 inages the end face of the work Wthrough
the peep hole 38, and in the obtained i nage a predeterm ned area A
including the bore mof the work is nmagnified (see Fig. 4). 20 The lighting
unit 78 irradiates the end face of the work Wheld by the work hol der 22
with illumnating light. The arithnmetic and logic unit 18 determ nes the

di mensi ons of the work Wby imge processing on the basis 32 4He 2GRfye of
the end face of the work Wobtained by the CCD canera 76. This arithnetic
and logic unit 18 conprises a personal conputer (PC) 80. The 25 inage data
obt ai ned by the CCD canera 76 are entered into the PC 80 via an i mge
processi ngdb@aﬁrchk(n@(a{c:dsxnom) and various factors titre determ ned by inmage
gaegﬁizl n.gl.h: 2 g‘é% gl?(@r?(?nvm nmaegﬂmdﬁ%ﬁ dgsl;coxgqor% %rtgtglp\gﬁfﬁrpuﬁﬁrs 6§gel (nnot

st r ewn) andnca70keyb0atlgl s(> nmttth&hﬁmx)mm thair tumcnqnxutoumet\ﬁh«éte Ld!‘\mrdptoruisrwt ens of

set information g iy &&gg Q06 78 K@MQQ@&Q@M@&%&Q%E@%M'WS of
determ nation are di on ti ci unit. The control unit 20
control s5i mdidby tﬂluapfkdlélwr@é CUV\SS‘I“PEELPELIRWQU“E(HGL‘dilm‘?‘fsf‘i’éﬁé‘f% HEasSuti WG appar at us

10 on the basd $:9f, t&%ﬂ&hcﬁ'ﬁ‘?ﬁiﬁxgﬁ{@%ﬁl‘ﬂ@ PC 8t). 12 July 2004 6 The
wor k center position determni ngréééﬁu(r?ﬁ% and t he di nensi onal rreasurl ng

met hod used by t¥heAgigte | Brglte g Ar ! BIEp e onte gLPee as
descri bed &g%® op&e fv&rk MoMsd byﬁhd’ﬁ&rk hdldk b2 @Jto Setd bing inGthdonr camechtisip aby using a

master work N I cat] 1 of ted on the CCD and
the ext er ndl*&Hs ézecrelﬁ%é}P’Ilﬁj’b’s”lmttl off m@?’g%‘# ?‘H%“n&‘g}i’ckvp% po(r?é(;“jr gc 6408 the CCD
are Yl gus ecbppisire thdsid e ofitisy @k WietdbyMie, wodk iplghgawn ir: Fig. 3, a cylindrical
item simlar to'lthhux%d umt\%l t%ﬂ(elg‘g/llhng\ﬁynrsggt 77¥}®f\?er\tLasT@is KPQ}W@ l?{ﬁr e size L

is used. First I's insert into the work socket hole 2 6
formed i n tHes movided ah d@mgcﬁﬁldmimsce et thpwi,led syhisetethe GEtdes Wi Rdepted i nto

the work sagket, tnpms 8@@%@&9@9&% mnmottﬁaav&mepﬁe piliadiey 36 angd
accommpdated within the work socket hole 26. 10 Next, the air feed device

35 is dri ve‘ﬁ‘d‘“éi*f’(ffs%or?f?%%‘éﬁ“aihﬁ Abflenguip i@gatierct ﬁ@d’fﬂVé”§§hWé’€’fI§y fed into
the air ikntakeorRBsler38. The conpressed air fed to th| s alr |nt ake port 33
is uniformy inj owar rk socket npthelnner

cted t
ci rcunferential }e’b?ccé%ocf“mfrﬁégb‘b“f“ it O“B%CB'QSC - TaFG M ﬁé“ r}*as{“er Wor T(“ M i nsert ed
i nto the wofabe of Oe ketk Wiﬁiagmﬂﬁ by shetA¥aemsloyit Foel do dtscribhé icemt detaibfhetth® wor k

socket hole 1%§§gg|m§ hgs tll;to n!i; &%I vgzlrlg@qfn]m%} X%épenopee%lé%n d%g@gﬁgm&S with the

st opper pla(te n-the vertical rectio a result, the master work M
i s positi onedgsasrriselenierdrivi Aaekhflae therercmeeldhrtaig' HE‘b@ré’éWASv Phe naster

work M i positienadn@s Rk edeterddnedd rkhamdnex ightvyng Wil fol#éB2d s driven,

the end face of the master work Mis irraditated with illuminating light.
with lllummatmo Light.

The arithmetic and logic unit 18 determines the dimensions of the work W by image
processing on the basis of the image of the end face of the work W obtaincd by the CCD
camera 70.  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 precessing
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 [rom 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.



Next, the AF drive unit 74 is driven to subject the AF lens unit 72 to AF
drive. Thus, 20 the AF lens unit 72 is focused to be in focus on the end
face of the master work hl held by the work holder 22. After it is focused,
the end face of the master work Mis imaged by the CCD canera 76 (first

pi ckup). Then, the [ift drive motor 64 is driven to bring dovvn the rod 42,
whi ch has heen placed in a predeterm ned standby position,

predeterm ned rotation drive position (the 25 state ill ustﬂat%ﬂb’lzf;?oﬂ‘l g. 1).
Next, the work rotation drive notor SZ6is driven to drive the rotation of

t he rod 42 at a predeterm ned speed. As the rear end face of the nmaster
work. Mis in con; act with the end of the rod 42 in this state Qe
rotation of tile roYCHSERYEYER H‘é“’r"fﬁéf’reff“‘%w the dmyrgigny ﬂfﬁ“réﬁ‘:dliﬁ}& :oaxis
by the fricticony ﬂleﬂm&mnhlhﬁhd’umﬁt@@bamﬁs If()&GﬂBgurLBﬁh dEh@Rgd drdhe fouork | ft drive
rmt or 64 IS drl V?n tO e ing d Ol(lj J [E) n(lk {hmmn’el‘clif %U()aﬁnd
position. As the rodmﬁiﬁg‘ﬁtlﬁf’“s Oél\“/vay 11‘1|’0‘Fﬁ“f ‘mm ter™ wor kM e st er  wor k
(M stops tufthe mgge fdereypomhetdid a@ﬂd}@fiam‘eﬂeﬁapt mtemaswtnerrowbmkv\mkl avi ng

st opped twr o |-y 4 i ra. 6 at a

differ entSu 2405;9 ﬁe%?lrlat %ﬁ%q% hflr”%(?n&t héx‘%%?’g?@%\f%{?ﬁg &ggg%%ﬁ p?ckup) Next, the
work |ift dreiipdigpitcss sisdartatheppikdhtodg dictruice thﬁg“‘d‘é‘w‘i beresitcdel’s 524 whi ch

has been placed imstfempiedslas muﬁa@dhxﬁo ﬂh@@gzk%&ﬂdl@l&é 2PRBhtd i9fhe Wofk t ht ~
prc:detcrmrled rttation r?rive, < < sit?c~n. 5 Then, the work rot<atiun

drive mot or hglerZe dTth—@?déﬁthFdi‘afteft@f‘%Mtﬂl‘m% it fhg wapkpockpt bple.26 s angiged
teru.inetl sp@che sapgt: pive 3eadiSt@fmmaiidd withini g wddk fekb rslod its a:cis. Then,
the work |ift dr| e noto ‘F4]S r ven tq(j(soralsethe

predet cr M necl st ﬁtdﬁ’f/mb EVER TR E rPRE U g pﬁ‘é‘”t“@“??@[grmrm away from
t he mast er efed intotthy(ajr istnkaghodt B3. ; Th@.@ir@l‘usmmktthelthlshlemmkct pmiXigs > i ereupon,

the end fac%m?(irnyélhr? q%%cgv? dl{lSldC the work a“l\ﬁlet g(ggf?(wte )Drrptphg ngug' Jr%ﬂlﬂ%}@rgxﬁf f§<];el magi ng by

the CCD ca aro I ona rent from irst an d
second pi ckuphe perprispadyiscdod pie mabtﬁh@ﬂt Mrle%emsiemt@theﬁwkrﬁam@ot@lﬁas tsthai ned by

the CCD camgra affe éﬁ@nﬁ%mo&mc;&gmk% i QszthﬁQn&Pmiétb@iﬁb &rn@%@)(t er nal
shape center position O of the master work iVl projected on th e CCD in

accor dande WPRPSHEPT FRGE0 Pritio e st fgcPprbgrtamstioeds v ¥hte in tlle

ftsllow ng |@glr@an@rpre(A&nm@watmmﬂgugno rﬁrpoid rst) three internal shape
center positions 3 arc t ai ned .i mage dat a.

Then, the center )g*‘%% T“E?hw%rg s i”l“é’f“éi ngﬁgéeﬁ] &‘?Fﬁ%n’fﬁf’%mg“mfernal shape
center posi tdrigesihPend fRZ obthd mRRBr werka\d spuiddedtd with djungentelichcF this circle t~

is the sought pO%Un' ﬂ[‘AQdQVf &h?{l g)c(ll:x%rn%ubﬁgm%fqgﬂh%t/ptfu 4:[[ driGe. MYGLEr we>rlc
nit. 20 Thus, the master wor Lay the work | der 22 rotates with

its exterhalthehase Wt srokepto ﬁemﬂ &Oﬁé og diend ipsey te 6}‘1*% Work Heedidhiepy t he
centripetal agkhdir of airkrii iThRILE Ae@nd AS IR uhaeevdm Ofis tuhecdmstarcnor K NI
rotates around t %9 ext er ?I shal oe center of the naster work NI, if
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 cnd of
the rod 42 in this state, the rotation of the rod 42 causes the master work M o turn around s
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 tace of the master work M having stopped turning is



at least three center positions of this bore mare found, the position of
the external shape center can be determ ned by figuring out a point at
eciual distance fromthe three internal shape center 25 positions that have
been founcL. In this way, the P~ t~0 conputes the position O of the
external shape center ol the master work NI by determr_iing the three

i nternal shape center positions Pl, |I'~ and P3 fromthe three sets ef

i ma~~e data obtained at different rotational angl es and Io&athQ 20Qé center
position of the circlE, C passil~g the/three internal shape center

pc>sitiuns Pl, 1'~~ and s j. Then, it sets the position so conputed of the
external sha e enter.as the origin of asuring system The PC 80, by

t axi ng one '6f* ﬁéq FhrEegat /6 v f' ﬁtﬂtﬁé*’ ‘Fﬁ F“ IUut%es t"Pe“HIZ Tniiication
.~ on llle mwm@>|s of the knomn bore 7ize | -,, and stores the conputed

magni fication X jnt v 2o AU Y 2004 1 e Y., The known bgrel§|ze Lis
entered into the PC %”an ad\/ahc)er e h“ a“r3t0r£85|ngxx e ke ‘boar d (not

shown j . ThmsnSerqesmnﬁustepEt@@wbketeenﬂhe pmwtmehv@etmwngwwwponn

conpl etign of., tttew(ttltott al drat?tnfoanpgm t#\@nﬁ LVe uRYod hey al fr.deedidevice 35 is
stopped, and so is the conpressed air eed into 5 the work socket hole 26.

After that, Wt%e”ﬁﬁ%ﬂ@%“MﬂFk\mtwﬁei#eﬂrmeved fromthe work socket hole 26.

LI pon conpl et i onyef, &N i bii@lmBkh is19,@s, Aeset ibed ahoeikhacbor e size d
and the eccentricity co (the discrepancy between the center of the external

shape and tﬁétbkﬁ“tﬁk HtewﬁéﬁméﬁﬁbeﬁmB?“Wﬁe‘MBF&“VW‘6“Be 'Mé4dtired are

neasur ed. THN&I“E&SERGﬂBﬂﬁm&S}kﬁmﬂﬁgﬁﬂﬂkuﬁhed“dﬁv&h&oﬁ&hh@MﬁﬂgmﬂHnner
First, the work Wto i nserte hol e 26.
ng

The wor kW | TSErt BHSTF Lo el SO DobkBr Mol 836 G ok T (4 3R b
engaged wi t kecéreicstpppped pipghait e 36, is accommopdated within the mork socket

hol e 26. Wen th%h}[l\@t&g&g\yot 1m'109(§n?{(¥b?gnc!i n{)tgc E‘BB X}Q(!r}f@su?(:skug[% tge 12(6 the air

feed device 35 is resse air et erm ned
pressur e i nBo whisk caputeh wt akengoape Gaer prkilian @ alliBesasteh e oot Rh)W*Hh@er ted into

the work sogkeiphphe,dct QibEe mﬁlvéjpré'&sstnh%m@ﬁtﬂt sﬁfredqg advige Wankisaeket hol e 26
in the horizontal direction whileée being engaged with the stopper plate 36

in the vertMédl*direction. As a result the work Wis positioned as
prcdeterrzzi ned faQknhdwi€n MRAS I, ihgke MUTROSRoc E Qe MBERod Ivg PWaKike, MET s posi ti oned

as predeternmned for th suri pyr po the |lighti nit. 78 is driven
to irradiatémﬁﬁgdeﬁﬁ‘Wé@@”%?mPﬁ”E&brt“VV@&tqtﬁinﬂﬂﬁgﬁéfV%gHFf“%t§“Then t he
AF | ens un|Mn&thﬁﬂﬁmmueﬁdrmﬂmbh@IémdMﬂaeeompﬂmheTManfvvnehmhby!the wor k
hol der 22, %qoéﬂﬁ L{mtg(?olq L&h?nt\i)s%gbq x‘g&%t t(Rf ng tc?\%p(rl\lf Wis obtained by the

CCD canera I mage data o CCD canera 76 are supplied
to the P® 80, whiléhs. 8 ﬂeewpwe\é helHby ttler*e‘ksw&le d e VR eEE@HEEPEi ty u~ in

the fol | oW RELITREPIBIthd AMAFERLEANGESHME §iNthe centripetat 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 ceater
can be determined by figuring out a point at cqual 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 intemal shape center positions Py, P; and P3 from the
three sets of image data obtained at diflerent rotational angles and locating the center position
of the circle C passing the three internal shape center positions Py, Prand P3. - Then, it sets the

30 position so compuled of the external shape center as the origin of the measuring systont
The PC 80, by using one of the three sets of image data, computes the magaification

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




the i mage processing programstored in advance. As illustrated in Fig. 5)
first the PC 8~ conputes the bore size d fronu the obtained i rage data on
the basis of the known nmagnification Y. Next, the PC 80 conputes the center
P (bore center) of the bore wof the work W30 fromthe obtained i nage data
and then the distance between the conputed bore renter |I' and the preset
original (). This distance is the eccentricity cc that is sought for. Thus,
the work V-l is held at center cof the work socket hole 26!%yUuihg004

centri pet al 12 July 2004 action of air, and the position of its external
shape center coincides with the position C~ of the external shape center of
the master work ~A~i when the master work NI is held. Therefore, by
figuring out the distance fromthe position of the external shape center of
the master WEPRYLVIS MRAMENS SEhe ssuere PEiaf Db et B FgP s & o ¢ he

posi tion P ot kdyherdrasiehcent er of the: work W 5 the eccentricity cu can be
determ ned. The RBG 80.ShAres, dNS.dgtenmaed bALe shaeud 404k
eccentricity tt; into the %EnD?yf and fspﬁ%ysp?henfon the I'splay (not
shown) . Thi stzerthekivoby 15¢ @pscdsionpl Btiegorphieameasucemepessahd;, fepon conpl et i on
of the measyr GRRNbok DR 267 AR, B, hOE.3: Lok R H (dEULE Lo B R WSnShgRped, and so
is the conpressed air feed to into the work socket hole 26. Then the work
lift drive Mdter 64 is driven to raise the rod 42 to the predeternined

st andby posi ti onypdf dofipiclidhaf inc i1 WRlkK . WelSivdabbi-aneshd firm Ligewor k socket .
hol e 26, and the next work Wto be neasured is fed into the work socket

hol e 26. ThEJCNUEFE VBGF AisETPaRey Qetyprd e & oL BR EX§TR! eRpPnghat ake work W ar e
measur ed i i $aBoMROLLHW S be hashsd 4 hABEEO d8SGelbeMenihe di mensi onal
measurin ap\arq;us,LO in this enbodiment can easily and accurately set the
origin OYf “CHEPHEALUPT RYOE)ETEHT Al so, regarding the master work Mused in
setting the ori giFisthodork o beasstrtNg inSytsll 8 thd W€k slead ol §6.0fTheeecent ricity
and the direction, of eccentricity, need not. be known .in advance as according
10 the: pri on il Gl e oS Lo PR SN HRR RS, 2
parti cul arl y apseimglatsghvathen thdreorherxcket hade Zo be neasure is an infnitesinma
component , - Such Aok Gty & inhihaba ok BSHERMAL b Ny disessiin Lhi s
enbodi ment is cylindrically shaped |ike the work to %e nmeasured, it need
not be cyi i HayExfed %m?mﬁﬁ?/ gjr of @ ggilaeERingd RFpsgyainfothparigakargBlPé pdttion on its
enfl face. ngusism&évaiﬂ@w,ins?rlttmrﬁztléthlga/'f)xkﬁquwhto‘@ 2@uﬁéerh@1h@t BkeA &rd Woace o]f a
colum can be used as iy I n addition, though the bore center of the
mast er wor kS‘P“‘KT‘%&%é‘g‘“ ‘\gcﬁ“@f‘??“i“ “‘ES?‘F’“in%C wespaaT ‘%Wé?fé“’@@%?@fc,ﬁf‘h" 'S

eccentri ci t yerisl ficttiabs 6t ukltythnreck S&apysitichall & hicgetgaged foathk neheriichr ee

i nt ernal shggsogenter positions Pi, PZ and P3 fromthe three sets of inage
data obtain at different rotational angles are exactly the sane, and this
conmon pdésition ofhepiE Wort Writnebitigisd pepredeleminy! fpydlyi g angs praved’ct o be t he
posi tion of |Lhfg 8Nl BYiD@veSRARREAN &l facSG MBI oW Wul ik Sinxbagiiment the peep
hole 38 is forned_in the sto&ger &Iate 36 arranged at the end of the work

socket hole 26 and®paFt*Fde tHe’ % PPoysh] Wdbedd fht O e wWirk 'y diéet* ™ hol e 26 i s
di schar ged wbi@ertohjad pe@mghot teat 38, fadeehe morkoF istoh@inwryknesoTik etmeholee 2f 1 r nay
as well be scaled, .12 July 2004 to W.th a transparent. s er. plate. In
this case, conpregggﬁgag#d¥%“c 8y® %&?ﬁﬁg¥d%{¥%?B$ﬁ§g?gﬁ%?ggfk¥gct of the
wor k socket chopwes26 bos sizpf eclttedcfenonitt he tuppérwipantnngfin 4chedaor kittsocket hol e
2b, floe mast&h WOLKekid plRsEited;d nt.g.d he work socket hole 26 is lifted by
the effect o%:tﬁéﬁh &h?%?é re§h1oyhh%}fhpositioning can be acconplished by
bringi ng the rearAseiitrged ip HigsS st heBC fAastenicsthabrrksv 4 ftothe ontizdt with the
end face of ikhe di@dn hebasibheme kb reRdndagexc; f the rrtaster work Mso
positioned can be |n§g y t romthe transparent stopper

ed b he CCD canera 76 fr¢ _
plate 3b. The comPred&&d BHirrmausd e 6o RE Gorraptcr P ELeret enbs ¥k fhce of the
wor k socket thal ®e @hicam:as duwelnl Hee thk djsatde®etwbdnam ampatd boeseaper hal e that is
specially fq nedwgn§13%9 ﬁ%_the u peruparp,of the work socket hole 26. to
Furt her, ~ t hoUgh® T eHi's e DS dF ARG BHE BEETL P8R BoUgh & ext er nal  shape
center is dcternuned tywdi wdi g & eter ntiarnak sehapae oentier cepagdidli ons P, , PZ
and P3 of images fromthe three sets of inmage data obtained at different
rotational angles and |ocating the center position of a circle passing the
three internal shape center positions P,, P-~ and |I'3, the position of the
external shape center can as well be determ ned on the basis of t~, uo sets
of image data obtai ned



t5 at different rotational angles. In this case, first, the end face of the
master work Mis inaged twice at different rotational angles, and the
rotational angle f3 of the master work Mat the time is nmeasured. Then, the
positions of the internal shape center positions P, and PZ are figured out
fromthe two sets of obtained image data. Next, a circle passing those two
i nternal shape center 20 positions P, and Pz is identified, and its center
is conputed. Wereas the center of the circle so conputed 12 Juhe2@@ft er of
the master work M two such circles are identified. Then, polar coordi nates
having the centers of these two circlés as their respective origins are
set, and the internal shape center positions Pi and |I', at these polar

coor di nat es,c@het hil, g BGho@HEn of Fb Q@@naﬁ hﬁpcﬂ.@rﬁ&rtd)@ﬂd@fthh In@ pbmar(mith@ hape

center position has been, shifted § tion fromP the set 25 of
pol ar coor dif3f/e8P5eNEh PR THE VK {T"’bﬁ Al° TG T ‘i’ E\%‘és IBHL pBsiti ve

val ue is setgeied rhamdmhem@mslpqun opbthe &)&ﬂﬁﬂd@ﬂb@&ﬂt&f{)ﬂhh@ﬁﬁ rpakiaN,

C e AP B GRR B0 b bR PRl Al Lo,
roaster V\ortkufw(mmctm«eutmmd&etmemf |mage data W t hout measuring the

ts end face tuo BrSArPY Beraarikbie: el A G T it wi ce at
di fferent r@ﬁatsplmakmamgie%plaﬁ(mdshch@)p05| tion of the center of t he ext ernal
SRS o e M SR SchePLIS LS QR LR AR AG LS Lo sets
Q of poi ntseapurgmgt, QLFOYW@LGH fcttﬁéwemdﬂ%at@epeé{ﬂed dleit g pomedsgriitttse basi s of
the i magg dafancdfi VLROIERM Tk inefWohSiir d?vaKthBr 64 iShilch AchiYo tnPQ@84E 1 ons PZ
and Q2 of points P and Q formed on the end face are determ ned on the basis
of the inag@ RRfeCterayned pingoy paswipt: he“%’é‘é%ﬁﬁ& Bk Rup FOEREHOMR S P ght i nt ;
passi ng t hesopet Mis26Pind@RGie LQwoAW tdbeShdadik @ fed inb@hPASS iR hde2goi nts PZ and
QZ are flgured out, and an angle O forned gy the two stral ht lines is

det er ni ned. TK& hHETA ‘Hﬁfjé“‘b‘h"s%“ﬂgt“& FPHEY Wed ¥ airare et hee 18t at i onal angl e
of the mast gbcet@t.k, by using this angle O (= the rotational angle), the
E;S![ Lleoglas(r)]];n ﬁrgtehgélﬁ agna?%]nécr\g Zlc 8meslona?rﬁca;[dlpxg¥ %a[r(})tucéld)dn h'sfcm[wﬁdxglgmdet erm ned

avai | abl e acamgasidy Wni@sceuc@iﬂnaq@eh@amnbeofrtmogmnzngd/smtnheAeo irgadgigeed to form
two points B'IS@LQQIOIQNQHSCE &Qctqgtdthg ﬂ’ﬁ,@n (‘j-)f)t d:xehrgm@;ﬁ'ﬁtfl\% \Qpiﬁlgq@lﬁdt gﬁCl’l bed above,
but the rotational mast er wor Kk can erm ned fromthat
singl e mar kwtwmﬁm@hq%ﬂm ﬁ*‘é“ﬁ“‘s‘ﬂ‘i‘ﬁ‘é}i nehéb*a%tzfrlinﬁvgﬂaipiﬁwawéwm%ﬁ’ thi s

enbodi ment, ptden, |b@ﬂ&£ﬂ"&m@i§c ki@ sipfidk. CBIRs BliS0 isherirRasuk@d whilding doangt h
measurenent is carried_out. in the foll ow %%%1 5 manner. First) a master work

of a knottn PERGEHS 154" REHES PaqPPegh: 1ees 2 the master work is inserted
into the work soakgiughtk @6 wolké uedch b Lmh@hrrmsibeylinvmﬂky shmdtikedlc i nt o t he
wor k socket 10l &,20..45ef Pe%@ &d bxvtz)md&ctﬁeblﬁ BR?F&EEUCPL é‘&lﬁu ;gcr@cﬂqblgccomdat ed
within the work socket ho nmotor 64 is driven
to bring dowpitiemns i el Az f%m%tancpfaeﬂéls @Ffﬂ?‘i’drf’éﬁl ageré}ﬁa*bgn Po&ie pioroliten t he
end of the pQded2dhaseicone into contact with the rear end face of the
master work acconmmodated in the work socket hole 26, the descent of the rod
42 i's stopped. H&tuidiipydhopghethe borg oper b thgmagor ook Yiwiddgreifiit Hf ¥he encoder 70
so that the cftevzolxluubd: @nAsr, Ofs mtesma@ 1Ot wblu@hahtdcssﬁran hehideteiinhand: The PC 80
?IC]E];JI :jrelsv];r (i)n Ltrrmls en(,%r(ljtgrelz)smo @#’ g?(l!ﬁ\éofﬂ)ﬂl [hﬁgqu[cqgls gt}}{%xoqgtggtgtgﬁmglgt \?\:tf‘]ht6he
rear end fadédfeoht mthfemm*asgl@rdrqmmﬁv i e, tildehiy evoloupp:ors oathe ingtol @drti nt o t he
menory as tQQurJr%sﬁﬂﬁﬁﬁgvcE SR LLQNS of BBLSerh S sih @ lped by the

above-descri bed procedure to determ ne the position of the external shape
center. 3b To nea¥iilcdr hnempeiprhthareee fae Hor lormed ip gie sopmsertp k12829 nser t ed
into the wonknhs@eket a@rlkema@ holIh@df%ﬁbqrt of ind G nAREK nd AR &IHedcicni R Zche wor k
socket hole 26 |is enc, he st opper plate 36 and acconmopdat ed

within the \Abq.lkh g;augkléltthlfhw[éh(%% the irQi oj ﬂ’lﬁ‘"é@@ﬂ‘“ﬁ“ 26 may as well be sealed



hlext, the |lift drive notor 64 is driven to bring dowmn the rod 42 fromthe
predet erm ned standby position. '~Ih~n the end of the rod 42 has carne into
contact with the rear end face of the work accommu3dated in the work socket
hol e 26, the dc;scent of the rod 42 is stapped. 5 The corning into contact
of the end of the rod 42 with the rear end face of the work is det er m ned,
for instance, by using a pressure switch. The PC 80 acquireg Bpgh@

encoder 70 the revolutions of the cutput draft of the i 1 <14 for 64
required for the rod 42 to cone into ggntact with the roar end face of the
wor k. Then, the difference between the revolutions acquired and the
reference revolutions is to determned, and the work I ength is conputed
fromthat dWMﬁemem@emsﬁmusmnasIbmeca@dmﬁamnnwes&mmtmnmdeWMmﬁnn@ﬂoportion

: ﬁet Ihgdr zeL\ZIOIJéL ot g)n§v81cl)<fsoctkhﬁld I')P% 1%;&&\(/%01@&@ %)El%r p"\rt 3[”?0&8)3?3%%%%01956 theb;hl ft of
conputing thekrdeﬂfe#enbemﬁMDvaWé«r@ﬂ%%EhwedbeVQFm#th@lmWhé di fference

in length f{ule Bthﬁ Mﬁ&@x{g Lvl\plg‘de&)@tnliQQd t@lﬁ%ﬁglm m@f:&arc-l;b'gﬂhlsﬁﬁedtlh@r“} ength of
the master Work i s 15 known, once the diffeérence in romthat master

work is PoumNdkMiHE cPEIHEH! B cn@ﬁecvx&t@f%dﬁ@ Béefh’eaé’ijlrfecé"&%ﬁ“‘b% r@gHput ed.

After the worskpbsgngldtad & iRBAS VY @Ecad cﬂﬁe‘-ﬁ&?’dtﬂﬁxdth@-hﬂx\(@unim;pér@dﬁe%% is lifted
to the predeterrrtned dri ve osi tion, he apove- st at ed

rerrent of
the bore size d ANdoPNEsebddnt ity ‘86‘“?‘%‘%‘@*}‘?&‘}?&8 WOGOHLR P
di nensi onal cameasdirticigecap pramah is estdhe hole thhd iSspecgdormedinsiedn! ak S@LﬂEaSUF e the
| engt h of tgut?ﬁJk Toqumr7glthough the shifting quantity of the rod 42 is

conmputed fr éWP‘?é‘\78‘| utions of the lift drive notor 64, sone other

appropri@te devi Eethef thomaguhie rsprtdincanhbesiised tesxwahl shdpFlcgmr 8(a) shows a
| Ong' tudi nahctéﬁfﬁgd tQ/’th ing ﬁicwgnl\%l Q)Q;kcdcgrl;ter p@sx@tﬂ@b ang Bb(g{}ih%ﬂtmm Qx@d 25 Fi g.

6(b) shows the b-b section Fi g. a). nenbers as those of the
wor k hol der thgp sqiypfirmgse flgg @gmcﬁgt ceff?ﬁ@élﬁowe?ndl ea\ﬂe* Za‘éé‘icglﬁ‘ééfmrce%‘ﬁé’@‘tﬂi“\?el y the
same ref er epGRiINAPELA Se thAS inkdrlaUshhfatRd pbdkidib BSP, H{ a) th3p6kiRa ) he t i s wor k
hol der 90 hol ds _a wor k |nserteg‘é| nto a work socket hole 94 at the cent er of

the work soBR&t! HEPe s B! fﬁ‘ﬁﬁ‘@‘“&‘b%?ee‘é‘é‘eﬂ‘ g F”t“f‘i1 Grae 4t A4St or med

air Out|EStSatgﬂfuegﬁrptdtl(malahgward t he central p u-t of t he work socket hole

94. 1'he 30 air- t er and
nOHL L, red 0L Me fercdP P
| ower . each communica %“?%i“ eﬂghhc %ttrtlheu ‘lét?:rlworxf or“rremd‘ %lurm V‘\@ ‘bath 96. This

air feed patdtptiofl mh:wm tb(atoelsow qnilc ! &i maamwrd@/lpvhqtl@&s Wme@i on the

outer ci rcu%cexr[ﬁnlt;dsi%lmso?‘ﬁlgmﬂ nﬂi&gpmvé@r(t&pggtlxoqgf’l a%QPV!r@llﬁ%d%htrfrmnel 1t) 0.
12 July 2004 13 An air feed device 108 i's connected to the air Intake port

98 via air feedsplpigd et dashoNa, 2 AR PrgAPIIES SEdngmpl wh@%en&rf romthis air
feed devirce pJ)iQ&nJIQ ahde 1axll(5nt1hm éﬂﬂ@tb @&Ur lb%&npultda t e WRlide chedrdethe QR1coNf i gur ed

as described above res air d fromthe air feed d |cetothe air
i ntake port “"9‘8’”]"%“%‘&%]8”?‘%“6 ?g © PRET ¥PT i Mo SBY AT 096“\?{"%1‘”{“%6%?‘} PR#annel 100,
5 and i nj ecteddifiated mvitgehaictiteroutthedt SvoRldslesAR their respeb Ow@riging hesccemtthal part of
the work SO%I&%T‘&I ngl!)eecex%élr'positions Py and P at these polar coordinates are figured out.  Since the
position of the internal shape center position has been shifted by rotation from Py 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 tace two visually perceivable points Pand Q 1s
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 scts of image data.  More




The work inserCed into the work socket hole 94 is thereby held at the
center of the work socket hole 94. Fig. 7(a) shows a |ongitudinal 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-c sections of Fig. 7{a). The sane to
nmenbers as those of the work holder 90 in the foregoing enbodi rrent are
assigned respectively the same reference nunerals. As il Iustr %dl
7(a)-7(c), in a work holder 102, there are formed a pair of12a AEts I04
and 104 for rotating the work in addlthon to the air outlets 92, 92,

for centripetal action on the work. 'This pair of work rotating air outlets
104 and 104 inject air in suitable ~5 positions for generating a rotating
force on t hgcaorky, finsprttien §iatdR tdhecigoP ki Bratd HEleT QR ThiFETmfe pair of

air outlets n1194ba‘3091 ik Qth: 1@rd§1aqur ﬂ%q ek 1&9%';}&!{@{“5 Sﬁlihﬂﬂy&hh o8l Bthanges fromthe
center of t%e vvork socket in parallel to each o ther From t hese

ai r outl et sofpoistsFrpd @Gﬁme@qu%ﬂ @“aﬂ‘éfnffii tl‘i"é‘”s“mb"f OrBTBFIE ESEY WY 4 nut ual 1y

reverse di ré‘&&!n%ﬂ@mﬂ{&ccbm B&L£d Tinkh, Par.ahi ek passinghehans Ph@d Onjpect ed
conpressed air hits the ci rcunferential face of th rotating

force i s SgefiBiatiBgratng Herurst e spbQr Bt BEUEott S0/ ‘1 §“%1x hétm?n t he work

hol der 102 GEnki G € Ek@RindeSs A iR arkiab M\RicrraMIPY &8 edihaiotaibetankicom t he air
teed device to the air intake port 98 is supplied taq thz{hglr feed path 96

via the air 'heRasieielorks pousing s goaje 86T B oo i}fﬁ&‘r‘) Ao b E eI 2

toward the %Béccﬁ’tkrd?@x'étmaggrv&oh&a%é’&t@xﬁﬁ&ﬁiy thah@e &émodTJ‘qemmegomgnserted into

the work socket hole 94 is thereby held at the center of the work 25 socket
hol e 94. Cofﬁﬁ?“%%sed air fed to the air feed path 96 is also injected from

the air qutlets ﬁGéd(ﬁﬁid%ﬂ.(MﬁVhlhﬁ!ﬂelﬁ;drld\ﬂlosd}hatedrtmecmkdW%ﬂ’i@)[ﬁ]@e‘i‘tS axi s.

Thus, as equ guant.i t onpre air v d| rections

are injectedf gf?‘b%otpﬂlg“lglaf’dgo % r% ‘F&i\e gasﬁzfgflgr?gg%gljédc%{a%@b %Eﬁﬁ‘e he ‘
i njected commnes:ﬁexcglc&wttthlrﬁaStertmkonmhﬁﬂcemmdlt@Im thaeieglofratkhe Work W a
coupl e of forces 30 ner at ed K eund its
axis. The use of gg &}grﬁﬁmﬁs %m&ﬂ'ﬁg&ﬁﬁ eg lloy\(g‘(rpfr?éngle(géglrt;&f%{& the rod 42
to have a romeaftquﬂgn nietlhzamdsmd r Bgulkagthgeabicreenis FETEIPA T Egur at i on,

12 July 4?a;lmcjr The work holder 102 in this enbodirttent cant al so neasure
t he Iengt the work by the nmethod descri bed above. g bringing the
rod (contacting divel# My Youko! i kiopd [@EA SIS FiRPHOBR e ld®} §%8“‘°‘ f' the work
inserted i nth\rlt R esamel Klt(ﬁ@&\l&(ﬁk sdadt 8019%6. 0fThd hhe OWDE hadr derk id02:d itthéie| engt h of

t he wark can on the. basi th ' ! t hat rod.
Fig. 8(a) Sh%%qoé]\ealbxg%e 1hed1lgtl¥§(ll \Vlsthetéaﬁ st ﬁ)crd%dt(,ﬁ@"md ch&{xlgdaggﬁvg&/ﬁnﬁl% v%ti% uncti an
to rotate theckowl26n anot her enbodi nent. Figs. 8(b) and 8(c) respectively

show the p-b and IG Sx(fttdLigm()thf 64 GrveBl ar)mg dhRe RaE ?%ﬁhﬁfrﬁict@ﬁmﬁdﬂos e of
t he mork ol ders In the foregoing enbodi ment are aﬁ§§9

respecti vel ystaniey I@é‘ﬂ@ r ¥hey Bhed ohtipor 4F 823 C%@‘ i“f"lcﬂ%‘t“i‘ St e

8(a)-8(c), any\mqkraedkdwom;k@@uddﬂn tbiskesdadbeathhascasepar atieky 10 a circuit
for feeding essed air to the air outlets 92 for centripetal action on
t he work and“‘ rTgjlgher for feeding conpressed air to the work rotating air
outlets 104. ThusHeraghe il dist mabee it frcFings the8i@erdheh Bt revolgomiof ittout | et s
92, 92, . r _centripet tiQn NudQoped air
feed pat hs 9%2?“”18“9'&&9 %‘?l“é“gﬁt r@p%g a{cmlggrtﬁrg tﬁ,\/\\#&d@r%gk\?\%’%k rotating air
outlets 104 thomipmpelrethafif leaﬁ*(’a)ﬁ%llcﬁiwl@?forélﬁﬁ%’d‘ EORCTHYCRIF F B t 5 pat h

96B. The air feqdrpalhs 264 dnd 90h LofvE8RL: lr@@&r&i m@@ﬁdrﬁﬁh(ﬁﬂmnl cate with
air intake ports 98A and 98A for centr] petal

h | ie ed 1'( LC(LU 1mlr' E{be out er
ci rcunf cr cnt FEEFEMFHEEIEPRY W& FRIOKE 12:¥é}r‘L 0% ?/“ir rcRER T tOUA and 100A
for centri peb@ltioaﬁfttb&iienﬁf}daﬁe@cx{t@ese air i nt ake ports 98A is connected an

air feed deV|ce18Afor etal act |a air,.f for 20
Jod d WB kRI( rkgt
centripetdl actio Elh%?t‘“é*}%g 4 @o‘mketémel LVavﬁ)rr RS '?)t? kr omthis air

f eed devi ce 1@8%.f Ghec aenfthe pekaiser&dﬁm(oﬂh( work socket hole 26 i1s engage d with the

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




On the other hand, the rotating air feed path 96B communicates with a
rotating air intake port 98B, fornmed on the outer circunferential face of
the work holder 106, via a 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). Conpressed air is supplied fromthis
rotating air feed device 108B. In the work hol der 106 con; | c req g

descri bed above, when cc~rrtprosscd air is fed fromthe ai r ce
108A for centripetal action to the air jintake ports 98A and 98A for
centripetal action, that conpressed air is supplied to the air feed paths
96A and 96A via the air 30 channels 100A and 100A for centripetal action,
and injected fromtthe: ididrivonbloetdss &2en 932),rmg do.wnfﬂQ:I’ro(C&]’]i‘&Jnix amet al action toward
L e, cent o) Bl LGB0, SORKRLAIR B R OB B LISELL s L0 the
94. ~ 2 ~repyend Gosoiltts VWAH@WL@DMNSSIS@G vevrlfsoust togR6f !ﬁlom%wh@frﬂ@trat 4ng air
feed device;1Q83,to the rotatinJ air intake port 98B, that conpressed air
is supplied tothe rotating air feed path 96B via the rotating air channel
100B, and i nj ect ébF PrRGIHAOTRG AR ARy cAihe reifRveh sherod crliebeloOde WTHiis causes

t he work Wtlé?erﬁ&%@k&u@ﬁﬁ’dér}qu's&éa@r&st?resJQHs as equal quant' ties of
conpressed air in mutually 5 reverse directions are injected fromthe air

outlets 104 and I'B#G ’FP]B%%P%& fream the Gisadsr YHEe fepjleoped] esiipresyed il hits the
circunfer ent!rh\&|mof(ﬁ6‘8rLQf1reti he tHAKB(de‘}ZW L()Erfaexft@uﬂhl:t&ﬁﬁ tlﬁ CouR Recof mbabges to
[ ﬁteabget 2]‘e { ‘n thv}({)?&érﬁr_xé,%ﬁcit%gﬁg S rcvo uti ns 1(,(:('181I§ced 16~gthc h,&kc:éxéc rrC{f()hglﬁ dlgresi'g?;/ ?zr d?ﬁ:
rod 42 to hé«i@malut otdahd wgktmgmamprsmcdrf@summﬁfgrenqa a nore |0 conpact
configuration. Thgwark Hel; wor k can
be rotated only whenh rotratJl ﬂ’g‘{%ﬁ&@‘%‘ Jingh@rotgo (%8}8@%0 [?‘(ln\g/]gﬁhc lggrm ts
choi ce bet wéeys nptar & ditciangptistcdthe skifidf the ol 42 faohadgeraingd ey fighhes wortk hol der 106
in this enbadii®nt, .kfd) BhsRinPBRAS WS P Eoh et Bk rév@ﬁtl(\/}ﬁrtgc B¥erlme [,he met hod
descri bed above. Thus, by bringing the rod (contactin ement) 42 into
contact wit 'R TeRGemise "%ﬂ’k‘f"ﬁg %gﬁ“P%mF%séF“i“eﬁ t?‘ﬁt‘@”‘t%g“\%‘?tkf wpkket hole 94
of the work khdndeke rLE)fﬁ;tut:xkteld lengt fonohatthecwoikis eand, be Rasunedoano t he basi s
of the shifting guanti é/ g hat rod. Fig. 9 shows a |ongitudinal section
of the configuratron of ar utéssentl al part of a rotation drive mechanismin
anot her enbodi nentter lZfDW(brh lmhémfmn@@dlam@scethbUdpmm jodtdRe lwed ko thies Li fted by
the action 9?@(1&9%(@@1%@90\?{[05 alnplh@qgog St!ltt(pm J;J}'S}n np(l;lﬁil;a b%!w £ Hflﬁftﬁé‘t ial face
of the work socket hole 94 to bring Tt into contact with the end face of
the rod 42 EHRUPPors pdformdonever, where the rear end face of the work is
brought bnto contiged mhitdnddNe n?e@@nﬁ%@argfls {oNE thfsQehbEAmER clhsS RYye 11 MRY
becone inpossible to subject the work to centripetal action by conpressed
air if the fFi'CEPSh"pEPWeen the rod 42 and 25 the work becones too great.
In view of this ribs, alﬂloﬁghhl&:rsﬁmﬂn]z(audnﬁlytof DhEd)dtdelstchﬁplQMr(ﬁlf tht Reolr@ls 42 as
N BT
poi nt contact bethigeeh shines ctlmﬂemujll $eames>tdmkcbhldaamarpﬁrewrbbdxmhxe dndi cti onal
30 1ol dant ety e R R a8 By R L DRl oo
the rocs 42 “AHHM RESRiRFIDPHEEEAY 2ened IRIPAG VELY (OE racHeI iR npfertihe rod 42,
Angt her concei Vabif]selllﬂﬁitﬂQﬁjhlés 6&1@4&1'6%) ghly\l_vérﬁ hdide? 9b Q(altishfﬂmﬁﬁgxs@tfcd tnhﬁllg-gd 42
and support work with t end of this as
illustrated “foﬁk kCH‘OXC?% aLI‘ﬁL L”“%’h" E)“é"é’rkt “‘r‘?g“{/\%’llekg%f%“%b ‘é’ﬂ‘ﬁfeé‘é%fm@ﬁ??
centri petal rakl;ﬂlvﬁnmlhylutmem‘%e%rem((ed mstdnclldﬁfmnﬂmtdrbnm(mfmht'bm Whee 112.
gL:)lylangCQ%helri 09&“5%"2 nﬁt I Yll’% t&r%u& 8 tW(I) l()WSa u‘é&:‘r %lhltl()WLY cac commu I:tll’l“ W%'\lll er t han t he
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.




the work W to the rotation shaft 44 via a thread 114, and fit the rod 42
via that weight 1 16 as 5 illustrat;,d in Fig. 11. This enables the work W
to be subjected to centripetal action by the flexure of the thread 114 even
if the friction between the rod 42 and the work Wis great. Fig. 12
illustrates an external shape center position determ ning nethod for a
master work in another enbodi nent. Wen the master work Mlﬁhg’?t%é %at

hi gh speed, the end face of the master work Mto inaged by camer a
76 shows a circle Y where the bore m has passed as shown in Fig. 12. The PC
80 determ nes the position O of the external shape center O of the naster
wor k W by conputing the center of this circle Y. By this nethod, too, the
position of ape er work M can be

ef fectively A g?etr&?ngiﬁ}; 6})2% 13(.@%&3(:1?0 %}éflr inta eoqortt}ﬁém N ﬂtggppr 1ot ?}18}5{11 of a circle
froman i maged ohvrebwaéd i %dém@(tms maﬁacabevsaccw@mpthmhmdkmna;ﬁy of vari ous known
i mage processing ff %9%&%@& 90 Sl hx@&kadn&ﬁ ed Qmetcnr% r%gpcg<1ir (red fr mt he area
center of gravity or fromt é ol nts o? di mensi B %W flein
this enbodi HEALpPEe ‘h%)‘i”“aﬁkeé}‘?& 9\@ a*ééPPé}Pd P e alndael Pyt o tiamg wik etrdmaf éé) A

i ncl udi ngs t hed @p(r&)ﬁd@thh EEB@@I% 986l .tﬁa@dr@%%Mﬁ'ﬁhroytht hof&o@ngoRbher
di nensi ons a[rhe fi qur e 20 on the basis of the image data thereby

obt ai ned, it egoré ol HH‘Z: P YaBreke 8Ol bl drerchen o s cetd of Bie godrodkbie” wor k
and conput e iwhése factors fromthe resultant | rrage data. Partial imaging of
the end face of the rk as in this enb |fjcat|on of pickup
can be increased, Ih"ma A hg™; nohs)ré‘ilt 15”’"1 s‘:Cté(h“r(g 81§1ffr éﬁﬁm‘? URHEP & BeES with a
smal | er nunbexk. of 1gp|7ﬂoehlsl 7i(® rayseedvel yistiow the b-b ahde-¢ mzﬁmemﬂmgnmennm Bume

cylindri gal n\{&{bgﬁ s‘%h(gsgottme \L@E&E&?g()mlﬂ%tfont: o?ng 'ncnl?arc \SSIEnOcPJ ects are not
limted to this, but any aving on its aceawsually per cei vabl e
portion can reyacctjudithe %Cmf%r%’eﬂlwed@scrl bed, accordl ng to the present

i nvention, the pQ@hﬂdstﬂe(ﬂE Flrgbe(aﬁ)f £k ﬁl/oﬂ@kl%?l(?’em&r@dre@(f( aer)fE\n@n be
easily and ace @ determned %msre using a wor "havin~T on its end
k.

face a Vi suai’lu {07 S5 FAtiBy e et In iR pdRcatin outes Pt forrenfinathe |
ext er nal shap@n3®tmmtker Tiaf pmmoﬁmothtmf;lamt>ﬁt@§lm?aindvhm Kjceah iP&igAsi |y and |

accur at el .t e under st ood ver, chat then. is no
intenti ony t g)% t?ongtor geﬁxemunﬁ\f eronttxtlmoggor%c onttlhc wo§lb18&cinfci IBt‘)fﬂB‘rVH;Ek iﬁ“Eeé PLBgS‘éAH but on

t he cont r ar ylhut. He piindiempitisty 1DSarkid O€ov &rmall ih paydidig at equtili dxesices froaath u! y 2004
17 al ternat e.6qneht ueki003 1809; YA val ﬁﬂhacﬁi#hér' Mol 0L B S0 Rt Tl L and
scope of the invention as expressed ended July 2004
I's WHAT 1S GPAIThadptharagtitis of empgspsrd @é‘ﬁtﬂé‘fu‘lb}dﬂ%tdﬁwdeltbelrmmmifn’g" net hod for a

wor k (I, Wp ul’:lﬂdlIdﬁ@]wEk,n\llht,Sh[&]tdd}éor&@@@@fﬁxr@ﬂb{h@uQ:Qﬁxwr&mal R annendface thereof,
the et hq(gi ri.sin

rOtdl ng force 1ggencmtu§on lPC work o rotate it around its axis.

In the work holder 102 configured as described above, compressed air fed from the
air feed device to the air intake port 98 is supplied to the air feed path 96 via the air channel
100, and injected from the 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 work
25 socket hole 94,
Compressed air fed to the air feed path 96 is also injected 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 paraliel, when
the injected compressed air hits the circumferential face of the work W, a couple of forces is
30 gencrated on the work W to rotate it around its axis.

The use of this work holder 162 makes it unnecessary for the rod 42 o have a rotating

mechanism, resulting in a more compact configuration,




tnsertyg.the work (MW into a work socket hole (~6 94)~ hol ding the work
(MW at a center of the work sockt hole (~6 94) by iniectin~ air from an
inner circunferential face of the work socket hole 26 94 toward inside the
wor k socket hole ' 26 94 - . rotating the work (M W in a circunferenti al
direction thereof; imging the end face of the work (i~I, W wth an inmge
pi ckup devi ce (76) and determ ning) froman imge obtali ned in the imging
step, a position of an external shape center (O of the endi2fdube 2804 he
work (M W projected on the inmage pickup device (76). 2. The work center
position deterrrtining nethod as set fgrth in claim1, wherein the position
of the external shape center (0) of the end face of the work (M W
projected on the inage pickup device (76) is determ ned by inaging the end
face of the wor kT(xd\;qvm!d\)xoh\t\urﬁ(bﬁ 1hhxesmmgeupumklupndewu¢}e h{nl@\)ui &up«loLkl‘b@| ity of
Egﬁzr agf d:'i Lﬁ{n@md?gb%{bg Tl%rs]% %nvax‘rpuq?ero«gyelbpcgmba&mgg mto crmiaTlOf a
percei ved f womineengFage dlﬂiletwymblfnseom 1a!0mledvqrmgleshol®4 oT ke “Wdr!k) (k::eWLenc posi tion

det er m ni ngleﬂﬁﬁ bafl: @sx Shilbe tngtstlxl@d !)xpthgﬂ) 1@1' mtprc S(Mt “g”%g ?}r(gltlﬂit &)Be rotating step

corrprlses t he” step of rotating the ringing a rotating body
(42) into contact'SsiPrhete letgﬁwnabwwflabveww helfrs hipdrala fptionp rattiate t he
i mged end fa&8a arﬁ%sher—@ﬂ@omt\k GeAt ek) aa@wlteande; e{omtﬁum@dmtch@cdmes set
forth in cla% wherein the rotating rises the stepof

rotatingrthd W“Cb‘ifmib?ﬁ EShey e ‘?‘O”f‘ P‘B‘l‘ﬁ“t(’}qe“‘? 1d% e EaRE er ent i al
face of t heemdekneSOEé(zetlor’(&Oh@peé%Ly ti@4hmé ch&:nﬂﬂﬁlhf&[l RN where a rotational

force is generat ( osi tion determ ning
apparatus for a \%orlﬁqfatten m[\!}%’ § %@ %‘/%(ﬁ%h‘ald‘“\?l §6u’3 e"?béiglf‘ﬁ?\t SEPEDor ti on on
an end f #cearhaitéofecdinhenpppar azttsvshecmmpmt\smrfg centrigePil datiby 020040k 9nda wor k
hol di ng devi,g&h.f ¢ ;Lg}d Ghre rotating device ( 14)
whi ch rot at és tL é’ wor K NFTC Jzﬁrﬁrgﬁ%o}‘iﬂ gm’(\ﬁxhﬁdrrlgmﬁ @ ;rg device (12) in a
circunferenti al &F“F*e%?t‘iheﬁd‘%ifm fige 8(&@)?’1@ 8t thajr; ougdgis 2nﬁ?ge fpi ckicipetdevi ce ( 76)

whi ch i magesc@n c@itflinf@C iR finnt R/ ARG alrMed Wih 181 dn ¥ A REMRHE NI Ng devi ce
(12); and an ﬁ;(her nal shape center position conputing device ( 18) which

conput es, fr'd ﬁw?rﬁé‘ﬁ‘émbb‘f %H“ﬁ‘ééio“t)‘;?”‘f"h‘é‘c‘i“h‘ﬁ‘ﬁbf’“p‘f‘%i’ aly porged fopdng aglycd g ‘
posi tioniof pahoext ernal shape center (O of the end face of the work (M W ‘
projected on the mge pick rk center. 05|t|on
det er ni ni ng apparilg ugpc (p aﬁx P(Pf} ﬂx&l\éﬁg?orﬁ ?r?fcml %txonmmmémmat? Hgt 4uip éll\’ nal shape
center posi PP endWA fngedemt«dectléi89nnc©wpmwrtlhempwmlltmm oprhe tvbré ext er nal
shape cent erho!(i@l()(ofwatab%hﬁﬂqs 1f()@§§m91f001& Iﬂﬁ chlétal(M onV\IndQ(l; Q:J:QQH?rgakggorRhe I mage
pi ckup device (76) by figuring out a position of a center of ircle (O
passi ng everf}Ab’dP‘E’Fﬁﬁ‘ pir feepdeviopdPBAfosgraripsl peior siava et poime&ipl ural ity of
i mages obd aicad@clyacticm@biRgwinhe @hgrefsacar 1@£upblk¥,@ fmrtiﬁs (iMceMcvRe PIgUrgd ity of
times at differ ent, r.ot ational angles by the inage pickup device (76). 7.
The work center™ p05|‘f| on determ ning apparatus as set forth in claim5 or
6, wherein the wdhkhdwhedhang, tabeviage afr fide@ patl BFprong@sicates witrdrosoglket hol e (26,
94) into whijgh Jg;egg/,\pg(}g gdl\[j Q/g) Jos ecling device
(28 30, 311 efp m nt oue Cl%&ﬁﬁk&%gg,(&%%ﬁ’%ﬁ ﬁ(ehgﬂef fl&e!l\l\ﬂr K (M W
i nserted i nt® “t"Hé"V\Bf"Pé‘ é@@k@t‘ “h‘b‘l*é’t‘(“%mr ue Imt 98B dsentnsetedd rofieg sor k. socket
hol e (2625 94)edlayvidenp@stii Hﬂm&g dir (BEPiRNndt NS Cidoepitsed &Pt kabiidiaes of the
wor k socket hol e e %)% o r‘l) oV=ul- d inside the work socket hole (26, 94). 8.
The work centelPUHysYt Ton et 8% ni ng apparatus as set forth in claim5, 6
or 7, wherein thdnotatk hagled®v te@gfredd Hedticngisva whet atiipngschady (42) into
cont act wi t i tLhe. 8 W rota work (M W
in the ci rcu?ﬁS erten{'t?%(ll L@&l&r@gﬁ‘gﬁmwml#rl(lmct ihf)ﬁlélm? T8 %he?dte é'gtt{\?\ﬂeen 9. The
wor k cent er pgicty eod &rerompretsedpinip preist! usthasr t«;etplFﬁe%fhmdr%elvautm @, wherein
age\] r f)t ag%g%hmgyldos\ afld f(ﬁ’)q t&r‘l%)m;k% Jﬁ.’LIUl)I{‘]gnd 1%cctmr()% tqlgldm&l t€@£,l9§‘,l... g)k rection.
uly

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.



10. The work center position determ ning apparatus, as set forth in claim
9, wherein the rod ( 112, 114) is elastically deformable. 11. The work
center position determ ning apparatus, as set forth in claim9, wherein the
rod (42) is brought into contact with the end face of the work (M W via a
spherical body {110). 12. The work center position determ ning apparatus,
as set forth in claim9 or 10, wherein a spherical body (110) is fixed to
an end of the rod (42). 13. The work center position deterhdniuhy280¢ar at us
as set forth in one of clains 8 to 12, further conprising: a shifting
device (46, 55, 56, 58, 60, 62, 64, 66% whi ch shifts the rotating device
(14) back and forth along an axis of the work socket hole (26); a shifting
guantity measurin deV|ce é?O whi ch neasures a shifting quantity of the
rotating device (f@yﬁﬁﬁﬁée aigis fRg bty relevrizee f(ed 8yvisgHpPhtodonpeadresira | engt h
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devi ce (14) g shifting quantity neasuring device (70). 14. A
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i mge plcku€ gewf 8 ?Q% i mges the en ace o e work { V1)
inserted T2 RS54 HFB“PH@”&BﬁW”§6EW@F”HB%@¥OE@¥mdand a conputing
devi ce {18)Mmhn@h%cenputes a position of an external shape center (O of

the end face of IHQQVO\%)IH(J%L M6 1m1s% 18%( men??angpo 'Engaes n"le gl%ge Utlgﬁgthé 8?\ vi ce (76)

by figuring out a position of a cen é"'pads Yportion
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appar at us as"¥bt! orEhean R Brasire opdhe hipieptdhathiitng dewiitrof fetrad action air
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froma compp.aif. sour ce 16. The work center position
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17. The work center. position determ ning apparatus as se rthin claim

14, 15 or 1%1th tl(lmfjﬁé:i‘ ofctgcnrﬁil f&to hlgaport 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 preveati 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 ead of the vod 42 and support




a contacting elenment (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, SS, 56, 58, 60, 62, 64, 66) which shifts the contacting el enent
back and forth along an axis of the work socket hole (26); a shifting
gquantity measuring (70) device which neasures a shifting quantity of the
contacting elenent (42); and a conputing device ( 18) which_conputes a
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shape ¢enter of a wo k can be casily and accurately c?ucrmmcd by mcu:ly usm(7 a work having

on its end face a visually perceivable portion.  Therefore, the position of the external shape
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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18150%??4 109& ()-!s10%& () - @&100/&' ()-109%& ()-, L10%& ()-itt#uuuOvmvaB4/
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oR. , 1 109& ( vgcﬁfé&ﬁ %‘3“ det@%f@%h%d)as sgtdorth in claim 1, wherein the
igojg' E g XXJ ypryf)ﬂ Eflj)j'e e@rﬂ.@g@&m@?‘-(oﬂ.@ the end face of the work (M, W) projected on the

mage 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,, P,, 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 rotating step comprises the step of rotating the work (M, W) 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 rotating step comprises the step of rotating_the work (M, W) by
injecting air from the inner circumferential face of the work socket hole (26, 99) 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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the work holding device (12); and
an external shape center position computing device (18) which computes, from an
image obtained by the image pickup device (76), a position of an cxternal shape center (O) of

the end face of the work (M, W) projected on the image pickup device (76).

6. The work center position determining apparatus as set forth in claim 5, wherein the
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 (Py, Py, 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, 98A) 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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11, The work center position determining apparatus, as set forth in claim 9, wherein the

rod (42) is brought into contact with the end face of the work (M, W) via a spherical body
(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 circumfereatial face of the work socket
holc (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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the end tace of the work (M, W) projected on the image pickup device (76) by figuring out a

position of a center of a circle passing every portion 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).

15. 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 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).




