; e3e$} xxyDz: {| 6] T$} s| @ SPECI FI CATI ON METHOD AND DEVI CE FOR MEASURI NG | NNER
_'DI AVETER DI MENSI ON OF WORKS TECHNI CAL FI ELD The present invention.rel ates
to a method and device for measuring inner dianeter dinension of works.

More particularly, it relates to a nethod and device for ne ; ' |

di aneter dinension of fine cylindrical works such as ferrul QMHWWD
ART Conventionally, to neasure inner dilaneter dinension of a fine.,..
cylindrical work such io 15 20 25 30 as a ferrule, the operator inserts pin

gauges of predeternmined sizes in an inner periphery of the \/\ﬂ""ﬂl"m‘m"mlmmm
aut omati c neasurenent, the work | SPECHBEEATIONa V table or th |

work is rotated with a probe of a contact type displ acenent gaugeotept in
contact w.th its inner periphery, and the inner dianeter dinmension of the
wor k i sMIEtHOR A¥B EEHE&E FORMEARURING INNERBIEVIETER HIERSIER:OF

Al ternatyyRk%, as disclosed in Japanese Patent Application Publication No.
8-29642, Japanese Patent Application Publication No. 10-227619, and
Japanese Patent Application Publication No. 6-174433, for exanple, the work

is pl ac?%gﬁ@alﬁéxaﬁw or the like, inmages of its end face are picked up

with a e it is rotated, and the resulting inmage data is
subfected to THegEsdaE ' ' t he. i nner di aneter djnmension of
the work. However, thgﬁﬁeﬁl?d%%lar[ itgﬁ%ﬁ%dggsdq%ldncgﬁgﬁ PSMEARUINE Ingt GABSER of
requi r i figrensien ghepssor Mare pamienldrly, ioretads Waahethdd Hid @viceTBASIEIRY, S35 Wor K
manual 'd’iampﬂePBiméntsioha§ t he lﬁl@ﬁlv\b ck of | acking accuracy because og nmanual
work. FurtTRer moredsion ot fine cylindngal xyprks sughrasierrwles.pi n gages, which are
i-nserted, get worn as neasurenents are taken repeatedly, resulting in

i naccurBAEKGRBUNEBRIS. On the other hand, the nethod which uses autonmatic
nmeasurement s ¢1as t he drawback of taking tine for nmeasurenents because the
wor k nust be YOYVERERNaHBto Earurerinnen diemeter dinvdsinn dfta fiviscylingrish awpRGleROf

needi NGisa fERGIRAME : g e_\Wor resylting in increased equi pnent
si ze. Further mor e,%ml: !%R)Eéﬁssg}t;tﬁéfn gé\%é)&?ret Krmind siges g’o‘?‘b’nﬂﬁ”r Rerigheryjoé thget s

worn, ekl t Fopuiomatizmcanatiengeie woRriE pliedBF ANSGBINE i fiEPUR QEathe |1 ke
e o awbadk T hat a

I's rot %@F'e \%iij}fh a gor hém)unt ed onit. Besides, it has t
cont act yge L BIORE &hR APntgetiyRe digacement gauge kept in contact with its inner
periphery, and the inner diameter dimension of the work is determined from the amount of

v

displacement of the probe. Alternatively, as disclosed in J apanese Patent Application

15 Publication No. 8-29642, Japanese Patent Application Publication No. 10-227619, and
Japanese Patent Application Publication No. 6-174433, for example, the work is placedona Vv
table or the like, images of its end face are picked up with a CCD camera while it is rotated,
and the resulting image data is subjected to image processing to determine the inner diameter
dimension of the work.

20 However, the method which uses pin gauges has the drawback of requiring the
operator to expend a great deal of effort measuring each work manually.  Also, it has the
drawback of lacking accuracy because of manual work. Furthermore, it has the drawback

that the pin gages, which are inserted, get worn as measurements are taken repeatedly,
resulting in inaccurate measurements.

25 On the other hand, the method which uses automatic measurements has the drawback

of taking time for measurements because the work must be rotated for each measurement.
Also, it has the drawback of needing a mechanism for rotating the work, resulting in increased
equipment size. Furthermore, it has the drawback that the V table or the like gets worn,
resulting in inaccurate measurements because the V table or the like is rotated with a work

30 mounted on it. Besides, it has the drawback that a contact type displacement gauge, which



2 involves inserting the probe in the inner periphery of the work, cannot

' measure smal | -di ameter works such as ferrul es because there are limts to

di aneters that can be neasured. On the other hand, the nethod which uses

i mage processing has the drawback of being able to neasure only end face
di aneters. The present invention has been nmade in view of the above

probl enms and has an object to provide an inner dianeter neasuring nethod
and devi ce which can neasure inner dianeter dinmensions of works easily and
accurately with a sinple configuration. SUMVARY OF THE | NVENTION I n order
t1 o att ainHOIch%mammgﬂnthemmthdsmmpfpa‘r@mr_yl dTRENVLEN) Cﬁﬁlogiﬂeﬁﬁgggmhﬂ-. el ege;\rner
o di an&&gzﬁrssg\%’?sgrl nﬁ get hod for neasuring inner diameter dinension
cylindri¢ RIS Peraps thersdre limits tpdiamietegs thatcanttepreastizeds U Rl tyé Ng
conpr es@Rér A j I I: rv. of a cylindrical master whose inner
di aneter di mn’stbgn@&ddm%?ﬁaé&%%]lyrﬂﬁesis‘%%%%\@? ‘{5‘?‘% (d beingablerter eby

cal cul ameasyreonbpend facedmureeershar act eri stic which represents a rel ationship

between the ifner di t er di mension and back pressure; and supplying
corrérl)\? essed aifhetpdeﬁeﬁgq‘?ﬁﬁ@ﬁq‘fg%ﬁ@mmwlw of the ahoydproblees amedas neobject

det ect i to@rvide ApmkeRti AHSEF HeadBit %&tﬁ&% o e Lnner. di ageter

di mensi gn of the work apcorgﬁng Bo 't he z(iicr%@%?gs@%'r(téanéﬂ%le}sﬁf?tl@?‘?rég‘ﬁﬁ‘?te"rhe
pr esentdMATSEPRS A askipessily end acoprately edthed simpte don€iginakien. peri phery of a work,
detects changes in its back pressure, and thereby neasures the inner

di anet 'bmi . The present invention can take neasurenents
in a sf]s:)[glg ine(gfgrgg&sw 's no need 20 to rotate the work. Also, it
-al ways gi ves Inogier & @usithe SboRl 6ojERARUHRIENS NG 1 AHQNG Rt od of use

e

because,no wear occurs. Also, it can evi ce conpac GALYET i t does
“not® neddfmeterBeRsHTIBE M Blod o medsuging rmendinkneteAldiaensidFof Wik dAEY wogks0- 05 MM

to 1 mMghhdci Aol . e present .invention is extrenely useful in

measur i n%la%t?ﬁfgﬂ?nbﬁgdr&gﬁasn@ttg%&@%§W§’ﬁry12§ COPRes 74 -adf ta B iner woriktery afi ng

f r om 0.c9Bndrivat magemwhose imen efantht e RineHsiHERAAS V] aeté’&ﬁg idh Egl%gsu}e? ghgsert a
of the work to be neasured unfl e conventi onal

probe i he.inner peripher \O)

net hodst&r%é'g%?cdl?ﬁ’é‘gtaﬁp@‘: QWX‘B? sharagteriticarhieh eprasents a relatiopshiprhenweeal the  may
be cal ¢nteptiRehely ddmétsid sidi i i ; L urali.t f.masters which
have som§ uncertai nt isgésd. ﬁgoﬁ%g{lﬁl &r?ggsgébsﬁ&ﬁg\?gnﬁﬁe&%% %ttﬁﬁgl,“e{ he present
i nVent PEAPHSFYOf de svaak talbcameasuesls detectiampties bayk pRAsige,Madlie el sk

the
uncertalnti 3 BRI EF SCRI.PTION.OF THE DRAWNGS Fig. 1 is a éc ematic
view s OI{/%I} ?llglﬁig%erggg?rgrqn q{?ﬁq Wﬁﬂ‘r%ﬁ’%ﬂf‘gotf) thgbackpsessuieshataeteristiasur i ng devi ce

accordi ng t oTh®predéR @ hibRYBIMiEOBmbH : 2(.b), are_l ongi t udi nal
secti oHs showi ngr a confi éur a‘fﬁiﬁc}n %l%m}glje%%é%gﬁ&??\hgquﬂ)trf%flé?eqf%‘f’ “5’%&5 a side
sect | oACEFHSFRAGERINCEaCk Dressurerandftherehyomkasufésghe Hnesdiambled BindhisRE R Me
showi ng,ogk. COoffel j libration mechapism Fig. 5is a
| ongi t udi nal s?e‘gﬁeg{rnf“g%‘g“rﬁg‘ég%rei G STEBICBS 4G 8 SPYE Hmibefause thezg ismg ngedi ce;
artd 1 to elage the waska Atsogit talvetiye @ives @6durs afd stabmﬁe%gﬁﬂe@%&&@%@&g pped with
an end-f ac flap/ detector. THE PREFERRED EMBODI MENTS QUT THE
| NVENTP%BK‘P‘%?%‘SGI FEHPSIQ e eputs 0 d AdSedit ¢an make flevicoremspact bepaiiseriedoddinapet er
di mensh&a OheMMahis i he present invention will be described
bel ow wi th rgf er enc%i:f(gét%gi%%ggam ngs.

Also, the work may be 0.05 mm to 1 mm in inner diameter.

The present invention is extremely useful in measuring the inner diameter dimension
25 of fine-diameter works ranging from 0.05 mm to 1 mm in inner diameter because it does not

need to insert a probe in the inner periphery of the work to be measured unlike conventional
methods.

Regarding the back pressure characteristic, an optimum value may be calculated by a

statistical technique using a plurality of masters which have some uncertainties.

30 Even if masters have uncertainties, the present invention provides accurate

measurements by reducing the effect of uncertainties.



Fig. 1 is a schematic view show ng an overall configuration of an inner ___
. di anmeter measuring device according to the present invention. As shown the
drawi ng, the inner dianmeter neasuring device conprises a nmeasuring unit 10,
feeding unit 12, recovery unit 14, master storage unit 16, transport unit
18, and control unit 70 and neasures the inner dianmeter 20 di nension of
fine cylindrical works such as ferrule8. The measuring unit 10 neasures the
i nner di aneter dinmension of the works W The neasuring unit 10 conprises a

pl urali neasuring tables 20 for holding the works W and a plurality
of air hﬁé%%&@?ﬁm&F"ﬁHE@RAWgNﬂﬁe i nner di aneter di mensions of the

wor ks W hel d g; ring tables 20. 25 As_shown in Figs. 2(a) and
2(b), the maalglg'r%ﬁgd ﬁ%ﬁ l‘iﬁgg&ﬁﬁ?'l%@é‘ oyerpelLonfigygtiompf an inoendidaetepr essi ng
ring 26measetiag dévige 4dcBAiRSto tﬁ@?reﬁélﬁ?lﬁieﬂg(ggievi ce (not shown). The measuring
table body 24 .is installed vertically an ’an air supply channel 30 is
formed in t hd® 15%@(43@“61‘2@%&6 longitidinal ppations siidvaag a@bnfi f\@afiGRSHY ﬂn@%uﬁﬂ%' e
body 24.j4s. @ circular recess 32, at the center of which is a work reteiving
hole 34 wth a predetermnmined depth. The 30 work receiving hole 34 is
provi ded conddpty isaaldeysevbidrisHolend EorntighPlibnSRaek. 30 and is approxi mately
equal in di anr‘gt eé, to the work W neasured. Tﬁe pressing ring 26 has a work
passage hol e *3% @iad’&qqk;ﬂlﬁﬁﬁ@ého?vmgcﬁ configeratiomana tlibratich medhsnisay med in
itself al ong git S @%1Sno; ing ring 26 i.s fitted in the recess 32
fornmed in theFl l%gplg;é lén @g@g[’%ﬁﬁ%g HESE ﬁéaﬁﬁﬁqlﬁpmdwlhﬁélﬂaﬂl@g§9‘pp‘t§rted in
the red@ds 32 in such a way as to be slidable in the axial direction with
_the, i nner su%a of the recess 32 serving as a guide surface. On the | ower
surface of t ég-ﬁééé?wumnﬁbsezeon of ampasasiop taplseqiipped vAth am@rkiapgfliwwar d
t he cerfeRetognd contacting the retaining ring 28. The retaining ring 28 is
made of an elastic material and contained in the recess 32 forned in the
upper surface of the nmeasuring table body 24. It is nounted concentrically
wi t h t HAE\BRRFERRED/EMPBORIMERTS BNEEAMHMOQQBTHENM’Pf(g@Si ng surface
o

38 of the pr ' ring. 26, .the retaining ring 28 is squeezed, contracting
its inner di g?r@toggl?e%%fearmﬁ%’?ﬁﬁpé g?)‘ﬂfﬁ $or Bicasyring invsg diasesieti dimensidn oft he

ret ai niwegks dcogrdfy thake prebeit GRfentich w1l BH QLB ' tside diameter of
the work W neasured. Thus, the work Wis |n§erélrt%e£k§vi“;rﬁtht%ﬁée%yern§?gqtﬁigng ring 28
alMost WAYABut touching the latter. The pressing device (not shown)

conprises, f I . and presses. the pressing ring 26 toward
t he measuri ngfgf g)é?ée@%lgglﬂﬁ%g%k‘i ﬁ%%&g ?%%‘%ﬁégg‘ﬂﬁgﬁﬁmpaﬁfén mpenpdipmetehe above
conf i gineasuring, devite acddndingos the\Brésent iRGEoad AR I SRge, A0l e 36 of
t he prgssi neg ri %26 the ti p_\ﬁgf It]hle vyolrk .\Ny\i gﬂmye}frétdé%@?lg’ @ggnn\%grk

r ecei vi RGOSR NS CORPrises ampasyringynit 40) feedinglynie 2, rasovefomtit i4) Fi g.
2(a). hastehitrapetific 1WNEH i i i s .pressed by the, pressing
devi ce ( ?lOt_ srﬁgwn)l’t t1 owar 3@%‘“&2@?&??&%@%@ O s measires thetpnes diametsrg
2(38), feensienaf finagylindriga8oiks ssdumdaealeqgai nst the 20 pressing surface 38
of the pressi ring 26 . caontracting.its inner dianmeter. Consequently, the
out er surfaczﬂ%?le%%lgnaﬂmq&W?SWF%%ﬁéW%Qlwrr@manWm@f the mgrkadW. h@heli ng

t he womkaddting uhl@ORBABHEE i etai, i ng rin COMES
into intinat guc_ont_ ac?@wi tsﬁlhghgﬁ?%?eaéébﬁé?gfeg? Otfﬁrehq}ﬁﬂg\ﬁ/w RB%&P&Q a
seal b%lPWé’éﬁhoﬁ Hempgpretradifonarersurmgehe inngr diemeteBdimelGiodls SFMEWorkd e Work W
t he prﬁagklp@le%éagurﬁ%]tlgﬁle%géeased. Consequently, the 25 pressing ring 26

returns to its orig ition by the elastic restoring force of the
refaini ng riAgskSvidniHigs. b8 ah@bad)nhp i i I gvers its .origjnal
diameter by its elasti %S rgﬂzt_ori gdg);’ fo%é%# iﬁitgﬁrggpé:é%égse(sﬁén%}“ﬂnwgﬂeom
cl anpi PRYVL RESRENg fing @burvirieg ring@8,aind préssingrieties (R sk i ses an air

source 40, r [. 4 nverter 44, and controller 46 as shown in
Fig. 1. 30 1@%%3?%5&51 fa@«ge%igy?adbms ed ¥erpicalbsand am air supplyecheemsd 804t ur e and

huni di foymedinate veitehitio I8 teapeARirfacd BEH: - ad) ysts the

conpressed air supplied fromthe ai racsoﬁtrhggg%gﬁ{"gtﬁgl%ﬁpg* zéfsta Hfeular const ant

pr essUFEESS Fhedt desgsintes 96 whihris aaionk edcaivingetiola 3¢ oithtagiédorasd Rplhy tTRE

regul af, l,i.ed to the air. sypply channel 30 of the neasuring

tabl e &%r?(?el%g%ﬁ/&g%‘t\}f Brotvﬁgdﬁf’ﬁceeg?ﬁ?ﬁ%‘@ the air sppply: ehasnels¥endds r suppl i ed

t o t heapproxirmateBl equeliaehetdQolie Wh di scharged through the inner

peri phery of theeqv\pr k Wheld on tﬁiel@?tmrggatfrﬁ%(ralg table 20. The A/ E converter

44 converts ThePressing ringstfshas @ vodrk phssagoile 66 skghtBi largeNinQliAfee! @sHh fec 2l

signal using a 5 built-in bellows and differential transfornmer and outputs

it to the controller 46. Then, the controller 46 calcul ates the inner

di ameter di nension of the work Waccording to the electrical signal. The
cal cul ated inner diameter dinension is displayed on a nonitor 46A installed

o o, o o, L,



The recovery unit 14 recovers the works Wwhi ch have been neasured. The .
_ recovery unit 14 conprises an K itemrecovery table 50A for housing K

wor ks (works 15 which neet a predetermined criterion) and an NG item
recovery table 50B for housi ng NG works (works which do not neet the
predeterm ned criterion). The recovery tables 50A and 50B are provided with
a plate which has a | arge nunber of holges at certain intervals in the upper
surface as is the case with the feeding table 48. Each of the hol es can
contain a work Wwhich has been neasured. 20 The master storage unit 16
stores WaBk irmedfinisssif dang izserxds.  altielpiesting Hind e 9BEN [ ﬁ@ﬁ&&%ﬁ&%&?t i on of
the air h@u&Wr S?ﬁﬁ |t conprises a naster storage table or “stor i ng
the naster &° Wel8t BreagtirmedaRle bady andgs suppogedin thedecesod2 axanph evaywi t h a
pl at e W lbelzHgatie | bek: : rtafn interyals in the upper
surface as is the cxgﬂggg\)fmay ﬁ‘é’ﬁ‘%@’&hﬁg‘“@f a%ﬁ%cigf thﬁé‘é‘i‘?s%ﬁl {RENg 3f @ guidan
cont ai nSUfEe.meQn dre lowsr urface ofithe poessing wing 263s & pRIRSAL Eﬁﬁaéeg?,% %\%ﬂtﬁg e

measur eg .f feeding unit 12 to the nmeasuring unit 1 ansports
rreaiur e%e\ﬁé@%séquopgwl?%&‘eﬁéﬁg’éﬁg%@%it 10 to the recovery unit 14. It

al so transporTke febEniAR s : .storage .unjt 16 to the
measuring unit 10 aﬁggﬁpgggé%%gé)@a :Egarsg?zﬁcf?%%ai%éc{%oqﬁﬁl{’%d Y {Re FReeP st or age
uni t 16formpdin theupprsisurface of tBmeasueigg iabbebdyi 24h & i hansfaconah@icai¢. The
transf ey conprises a vehi cl e 58 which travels along a guide
rail 52&1‘@@%‘3&}"%@% b@fﬁﬁng BrpEessrthigadisbihe pressing surfececkBifahar m 60
mount edpressidgén ithed retaPiing ARL 2 I 62 at hed to the
tip of the ar mgg)dj Each wor k %\/lg‘gS tﬁrﬂgén%g’oﬁngéaﬁ%g%sﬁﬁ&gy ei%f‘ by}rfi"fci?fe hand
620 Theh®BAak tsditions (norlyad senditons),itheliewiving ring 28 thas witirgdt ik RFRRSRtériBad NNET

di anet 4 O [ Vi, ce_ accqrdi to a preset notion program It
i's equﬁg%glé&v(\iﬁk? h@&%ﬁéﬁ%gﬁeﬁfql%wéhomﬁ%’% %OrﬁeVXH%I%F“@iﬂéhq W@?I\iagi ous
i nf or meringod aliflost withnosit tatichilgliey latgasuri ng device, configured as descri bed
above, operates as fol]lows. For the purposes of explanation, it is assuned
that ferrule e agdsyica (Re showmhnosipsisesd farresamplesa zplimaler Sndpresseand i nner
di anet qfres@in@‘?ﬁ%‘mo%&h&%éamg]ngﬂmeéQ@i i‘t‘i nner di aneter dinmension d

e g

nmeasured, accepted or reject ccor o the results of neasurenents,

ant® col | ect e®sbpancaswing table @0dvitigtht abAedRL AlteSo WHeR RS HRW if fnserted ’
ected as

Speci fi, I t he wor ks i.ch satisfy a preset criterion are co

OK wor l%galg’n‘x?rﬁé)aﬁ%g? E‘éﬁ]%@é%ﬁst%m@ mhein ofehe werkr isdnsetted im the not

sat i sf wdrkeeceividE£Rd10n4 #brenedqh kiRGh ks,on the NGt recovery

tabl e 50B. Bef ér% t he wor ksq}\l/v ar eggnglglz%iryglg%td 24’61%8&1%”81”?5’& Z&g Zétgllse

cal i br &&dwhen the praspiag ring @érigpressed bychd prossinig devieNHoMAEWLS iowatd @8

cali bratd ol j L,ons. ar rfqrnmed, when an execute calibration

si gnal %itlésa Qllﬂ?ln uttgﬁf(ri?gﬁga %%%ﬂorw d\ ‘“ﬁ-&%’oﬁ‘eﬁﬂaw}g ?%Z%GWHPQﬂzc%%gadnsvmet akes

t F zepeessiag istufadei 3Brofnmspressing Oug 26 fcohBR B %e?&ﬁﬁf%ﬁ:‘i %o&@é&enﬁ? t %d
e ef 1o

transparts llm% to the neasuring unit 10 by oOperating t transrer t 54.
The maSPEF SYFace 2h &sor ek dV oo clampedrbn therpiatpingwing 28) hoklimethe were® e hel d t o
the meagdéi bhg 2Q3caT I he ter t.he master Mjis inserted in
the work pgi%;é@@&g] eggsé’ ’ g*fer}%gu%&?ﬁngg%qlﬂﬁ%ﬁoﬁﬁm%? CPR@ctgithhthgfouten e
t r ansf evrfacslodtheSutorksWy goeiipch sealsttivB&itht RRrPWE SR “’%fkrﬂe&@viﬁﬁ h%;l% Hr essed
toward the mf,aaurloplg tabl e body 24 by t_helgresa ng devi ce ot "shown).
Consequent | y;10@i§819u8t the fvask Witkrypressingring2eiszeldasey. t Genspyesslynger i ng 26 and
t g maste8sindhin in abl e. 20 bein ri pped by the
squeezgd #’é%’?y%?ﬁé*‘?‘.“ﬁg‘g g%?)g%ﬂgﬁ?ot%ﬁ%nrl?gstf‘ee%aﬁl\cﬁﬁ%‘”ﬂ‘l%%ﬁg“p?fi‘ BiAEag and hel d
in t hering 2R whileghe/fetrining rieg 3dclf ecgedrs B ofiginfIiaete S} M@ﬁﬂstfc!}gsta@g @;lceM and

[

wor k r ivin ol e ut jt |s sealed by the retaining ring chis
squeezggg r&ﬁﬁ%f \yorﬁﬂg rl%)ﬂq‘Cémﬂﬂ&t@dn%kélftﬂ%loé{ﬁble-suppl y channel 30 is
del i vered t oThO&ir nifi8meREHb f .t tar. M. W nmaster Mis held
on the measuring tabl eeZO, Fﬁg]lbélsérg agglﬁ}'resggpciéﬁlrsegglﬁgfg?e‘%%nﬁﬁaert“ﬁe
conpr ed¥bepraiolendfoasshpwass Fige 1i s adj usted to be constant by the regul ator
4%oi s suppl I@E t.o the %}r supply channel 30 of the neasuring table 20 via
the A/ E convet 8 SHHCe 44 upplaprdmaprassed pir whepplempdratwe ahdhamiditgippl y channel
30 is gliggbPiodRdRAlha | h.the inner periphery of the master M
The back pressure o &[hg{ﬁ 22%?%%%&%5}5 the Caféle&éﬁcB&“ pPlH%l from the air

source 40 to maintain it at a constant pressure. The compressed air maintained at a constant

pressure by the regulator 42 is supplied to the air supply channel 30 of the measuring table



Al E converter 44 and output as an electrical signal 'to the controller_46.

~ The contreller 46 stores the back pressure data of the zero calibration
master Moutputted as the electrical signal in the built-in menory. VA
When the zero calibration master M has been nmeasured, the air supply is
stopped and to 15 the master Mis unlocked. That is, the pressing ring 26
is freed frombeing pressed by the pressing device and from bei ng cl anped
by the retaining ring 28. The unl ocked master Mis renoved fromthe
neasurigqqﬂyt pble 20 and stored at its original location in the naster

st or agePhi 44 Mg thy Afeonvertersfder robot 54. Next, the transfer robot 54 takes

t he magni fi caty i hration ster Mout, of the naster storage unit 16
and trgns port'ghﬁblﬁgj‘a’%sﬁg aﬁéﬁ%&]}gﬁﬁ%ﬁﬁrﬁlﬁsum@ Ci’ﬁ@%ﬁ@ﬁseiﬂiemedraaddi%ohargcﬂ to the
measur i thgoughithe et Seriphiyl GFthe/wok! WMRIESH g,@qnggﬁ)}ug,sgt ﬁ%‘%’?ﬁo mﬁz{,ﬁgg table

|

20. Wen the nagnification calibration master asuring
tabl e 2BPNVERE 44 Gon¥ests the back pressurpeafibechragressad aindnto anpleeafalsighdl ubifig a

i el i . | 30 of the. ing table. Th
Comr oo bR dn Bl RS tpf oyleilhTRORe Semtales o | Bhanyhe

di schargatroHért 46 cabagaestdie ke 88heted Qi ' ter M The
back pressure of the conpressed gitér?giméagg{nedgﬁédwE%Whagt\‘%ﬁ@egctgﬁﬁfeﬁ?@cﬂ4 and
out put ¥gnahn Ehecalculated imendiametes dinfssioa ié ﬂi@ﬂ)llaf‘édcﬁxﬁa bRforC tfn?!ahg{ ;6
stores th@@onq?ﬂf? Qées‘iure data_of the magnification cgﬁl Fatrorn Raster M
out put ted as tie  2PRCESTEet asdaimin a mpmerye(nptishown) nstadled iy the\dbatolida &6,
magni f i cat i ormTieateédih@fihi@ ; red, .t.he air supply is 20
25 stopped and the n%ste?z hﬁmiéﬁ%%%{:}ﬁg%gﬁ@%ee%&%ﬂigrggedItrlr%lg‘I"éPp"I@I"Y % enoved
f r & t Heediag table 4fyfor housinpdlasgechisiiter eflwatksiWso bé hghsined. | OFRtfb&ing Ablehe
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measured accurately in advance and tie operator enters
bef or e NRA®F SUFfaehas ig dhetaass wish thedfe¢dingtablest8. oEabh pathe holes @kn s6HeMR ) Wik t he
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Incidental ly, .the inner diameter

agnifrcation calibration of the air micrometers 22. It comprises a master storage table 52
for storing the masters M. The master storage table 52 is provided, for example, with a plate
which has a large number of holes at certain intervals in the upper surface as is the case with

the feeding table 48. Each of the holes can contain one master,

25 The transport unit 18 transports the works W to be measured from the feeding unit 12
to the measuring unit 10 and transports measured works W from the measuring unit 10 to the
recovery unit 14. It also transports the masters M from the master storage unit 16 to the
measuring unit 10 and transports calibrated masters M to the master storage unit 16, The
transport unit 18 is equipped with a transfer robot 54. The transfer robot 54 comprises a

30

vehicle 58 which travels along a guide rail 56 installed on a ceiling frame (not shown), an
extendable arm 60 mounted on the vehicle 58, and an openable/closable hand 62 attached to
the tip of the arm 60. Each work W is transported, being gripped by the hand 62.

The control unit 70 controls individual units which compose the inner diameter



measuring device according to this enbodinment is equipped with a plurality

~of the air mcroneters 22, and all of themare calibrated. Wen all the air
m croneters 22 have been calibrated, the works Ware started to be
measured. First, the transfer robot 54 takes the work Wto be measured out
of the feeding unit 12 5 and transports it to the neasuring unit 10. The
work Wtransported to the nmeasuring unigt 10 is delivered and held to the
measuring table 20. To hold the work W as is the case with the hol di ng of
the masters M descri bed above, the work Wis inserted in the work passage
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10 internal chanfer C on an end, its effect can be elimnated and stable

~ nmeasurenents can be ensured. Thus, preferably, the work Wto be neasured
satisfies the relationship L/d > 5, where d is the inner dianeter dinmension

and L is the length. Incidentally, although this enbodi nent recovers

measured works in the recovery unit 14 by sorting theminto OK works and NG

works, it is alternatively possible to7divide themnore finely into ranks.
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surmg table 20 and stored at its original location in the master storage unit 16 by the

transfer robot 54.

20 The controller 46 determines relationship (back pressure characteristic) between

changes in inner diameter dimensions and changes in back pressures according to the acquired
back pressure data of the zero calibration master M and the magnification calibration master
M as well as on known inner diameter dimension data of the masters M. Also, it sets the
measured value of the back pressure of the zero calibration master M as a reference value for
25 measurement.
Subsequently, the inner diameter dimensions d of works are measured by detecting
deviations in back pressure from the zero calibration master M.
As described above, the zero calibration master M and magnification calibration
master M have their inner diameter dimensions measured accurately in advance and the
30 operator enters these values beforehand in the controller 46 (via the touch panel (not shown) of
the control unit 70). The zero calibration master M and magnification calibration master M
have different inner diameter dimensions (minor norm and major norm).

This ends the calibrations of the air micrometer 22, Incidentally, the inner diameter



These masters Mare stored in the master storage table 52 of the master

~ storage unit 16 and transpQrted one by one to the neasuring tables 20 by
the transfer robot 54. Next, description will be given of a third

enbodi ment of the method and device for measuring inner dianmeter dinension
of works according to the present invention. 5 Wth the inner dianeter
nmeasuri ng device of the above enbodi negts, the masters M stored in the
master storage unit 16 are transported to the neasuring tables 20 by the
transfer robot Hg‘g to calibrate the air mcroneters 22. This enbodi nent
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13 switching unit 86 changes its connection fromthe magnification

calibration master neasuring tahle 82 to the neasuring table 20. .
" Consequently, works Ware neasured one after another on the neasuring table
20. In this way, the calibration nmechanismaccording to this enbodi ment
makes it to possible to calibrate the air mcronmeters 22 easily by sinply
switching the destination of conpresse® air. Calibrations need to be
performed periodically to maintain nmeasurenent accuracy, and the
calibration nechani smof this enbodinent can performcalibration in a short
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shape, which is pressed against the top face o . master
t hlép me SERALieH Gopptssed 2 to thedpags\perpkary nfa oek embmeasara thé innbedihmerer

[ T LK .Qr ster has its inner periphery
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posi ti . The seal vice 90 configured, as C )
to chetl an(grqﬁgwp?lf Q;Eg&’ §ng £y} jaggaeasurgigents in a short time.  Also, it can make

device compact because it does not need a mechanism for rotating or moving the works.

20 Also, the this embodiment can effectively measure the inner diameter dimensions of
even fine-diameter works such as ferrules because it does not insert a probe in the work unlike
conventional methods which employs contact type displacement gauges. In this way, since
the inner diameter measuring device according to this embodiment takes non-contact
measurements of inner diameter dimensions, it is especially useful in measuring the inner

25 diameter dimensions of fine-diameter works. Especially, it is useful in measuring dimensions
of fine cylindrical works such as ferrules ranging from 0.05 mm to 1 mm in inner diameter,

Also, the inner diameter measuring device according to this embodiment is especially
useful in measuring the inner diameter dimensions of long thin works such as ferrules, i.c.,
works W which have large axial lengths in relation to their outside diameter sizes. That is, as

30 shown in Fig. 3, generally a ferrule has an internal chamfer C on an end, and when
compressed air is supplied to the inner periphery of a chamfered work W, the back pressure
may not be measured correctly due to the influence of the chamfer C. However, when the

axial length L is large enough in relation to the outside diameter size D, even if there is an



14 The work Wtransported to the neasuring unit 10 by the transfer robot 54  __

is held on the neasuring table 20. As.described above, the work Wis held
"~ on the nmeasuring table 20 with its tip inserted in the work receiving hole
34. The gap formed between the work Wand work receiving hole 34 is seal ed
by the retaining ring 28. Thus, if the work Wis held securely, the air
supplied fromair supply channel 30 wilol not |eak. However, if the work W
is not held properly, air may |eak from between the work Wand work
receiving hole 34. Therefore, when the work Wis held to the measuring

fernal chagnfehEcusu dndy itsffect carl teadiisningied Mhd Q¥Ble hRalBKBeSVEE, fhat it is
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of ¢ he i ' t rk-W JIn.this state, the air sourcCe 40 is
ope§r at ed gng ﬂm&ggétééﬂéﬂo?fsﬁ@d\g%w%%e,ftds i‘ll‘F'é'“%P’rc%E&?ﬁllb&? terhyidethedo of the
nmeasur imgretfimblydn@Gankshe back pressure of the conpressed air is detected by
the A/E converter_ 44 and output as an electrical signal to the controller

46. The cont FY50: dlthaghasearingfte thinembodiekest, &mlafxcaﬂhﬂgg tugit b@ixkeqpfp@;é@gﬁktﬁw .
dcal signal. Specjifjcally, since any air |le _
gEg\?vuhtﬁg%agtyéﬁ%eg%gigsﬁf%ggabbegl » fismatively l%?ﬁﬁé@ 19 RroVie Qs Rng [ esisur (Zaol s
i j d a .
checkedndasuring thsle@y Howebacky fmialai 2 élﬁgﬂﬁy df tﬂghfeﬂsgléitﬁ‘éﬁég %18%51 Vﬁgﬁlgps

“whi ch hol ds. the work W \WWhen the chec I's finrs alr's S,
t h¥ motBIPodinen ibis pessille tamaasure aplyratiy 60wortke Véeffickntiyet ur ns to the waiting

ition. |f Nebtl . ke here,is,nq air ak, no_rma! . _
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that t MeReguringdnedrdidmetkrslimehaomof woilké aeconding t@ime \WresSpaavdrtieal | Y. the
transfer robei. 54 picks up the work Wand holds it again to the neasuring
table 20. Then®® tg’d}“@%ﬂ{g nEeEns ARathireeplibsation mastherd forthestinmigsemeteth @268 as

above. teabove téscribed inner diameter measuring device.

15 As described above, since the method and device for measuring inner diameter
dimension of works according to the present invention take non-contact measurements, it is
useful in measuring the inner diameter dimensions of fine-diameter works.

However, as the diameter of the work W to be measured gets smaller, it becomes
more difficult to make masters.

20 Thus, in this embodiment, description will be given of a method for calibrating the air
micrometers 22 using masters which have some uncertainties.

First, a plurality of masters M which have some uncertainties are prepared. In this
case, assuming that the works to be measured are 0.05 mm to 1 mm in inner diameter, a
plurality of masters M which have uncertainties on the order of 0.5 um are prepared.

25 The calibration involves measuring the back pressures of the plurality of masters M
which have the uncertainties and calculating an appropriate back pressure characteristic from
measurement results using the least squares method.

In this way, by calculating an optimum value using a plurality of masters which have
some uncertainties and a statistical technique such as the least squares method, it is possible to

30 take accurate measurements, reducing the effect of the uncertainties contained in the masters.

The method for measuring the optimum value is not limited to the least squares
method. Various statistical techniques are available including those which involve taking an

average of measured values.



determ ned again that there are air |eaks, the neasurenent is_stopped,._
_ suspecting an equi pnent failure, and a warni,ng is issued (e.g., the warning
is displayed on the nonitor 46A or a buzzer is sounded). Consequently, the
operator perfornms a mai ntenance operation and the |ike according to the
warning. In this way, since the inner dianmeter neasuring device according
to this enbodinent is equipped wwth thg air-|eak checking nmechanism it can
el i m nate wong neasurenents 15 caused by air | eaks and al ways obtain
accurate measurenents. Incidentally, an air-leak check is nade each tine a
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The calibration mechanism, configured as described above, operates as follows.
First, the transfer robot 54 takes the zero calibration master M out of the master
storage unit 16 and transports it to the measuring unit 10. The zero calibration master M
30 transported to the measuring unit 10 is delivered and held to the zero calibration master
measuring table 80.
Next, the transfer robot 54 takes the magnification calibration master M out of the

master storage unit 16 and transports it to the measuring unit 10. The magnification

———————re



io driven and focused on the end face of the work Wheld on the neasuring

table 20. Then, inmages of the end face of the work Wis nmagnified by the AF

' ns unit 104 and pi cked up by a CCCD contained in the CCD camera 102. The
!rerage data of the gnd face of the work Wshot by the CCD canmera 102 is
output to an inage processing unit 106, which then processes the inage data
to inspect the end face 15 of the worklZdor flaws. After the inspection, the
robot (not shown) is operated again and the CCD canera 102 returns to the
wai ting sition. The above (Er ocesses conplete thg i nner di anet er
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Not  CalzBLr MGG master measuring table 80 to the magnification calibration master measuring table
82. In this state, the air source 40 is operated again, and compressed air whose pressure is
adjusted to be constant by the regulator 42 is supplied to the switching unit 86 via the A/E
converter 44.  Then, it is supplied to the magnification calibration master measuring table 82

20 via the switching unit 86. The compressed air supplied to the magnification calibration
master measuring table 82 is discharged after passing through the inner periphery of the
magnification calibration master M and the back pressure of the compressed air is detected by
the A/E converter 44, The detected value of the back pressure is output as an electrical signal
to the controller 46. The controller 46 stores the back pressure data of the magnification

25 calibration master M outputted as an electrical signal in the built-in memory.

This ends the measurements of the zero calibration master M and magnification
calibration master M. The controller 46 determines relationship (back pressure
characteristic) between changes in inner diameter dimensions and changes in back pressures
according to the measured back pressures of the zero calibration master M and magnification

30 calibration master M as well as on known inner diameter dimension data of the masters M.
Also, it sets the measured value of the back pressure of the zero calibration master M as a

reference value for measurement.

The above processes complete the calibrations of the air micrometers 22. Then, the



18 CLAIM5 1. An inner dianmeter nmeasuring nmethod for measuring an inner__
~dianeter dinension of a cylindrical work, conprising the steps of:
suppl yi ng conpressed air to an inner periphery of a cylindrical naster
whose inner 5 dianeter dinension is known, detecting its back pressure, and
t hereby cal cul ati ng a back pressure characteristic which represents a
rel ati onshi p between the inner dianeter3di nension and the back pressure;
and suppl ying conpressed air to an inner periphery of the work to be
measured, detecting its back pressure, and thereby nmeasuring the inner
di amet efwiichiegisnioB6 oiangheitsniteatedtdh i habhificBackl aﬁoﬁ?igagier measurin
charactzﬁkfé%c. 2. The inner _dianeter neasuring nethod as de Fred PAME] ai m
1, wher €l 12 e Measusing tahde 29n tGonsequently, worke WV aieanesercd ohé afler shbgel NNer
diaﬁEtebnﬂﬁQ§&ﬁhﬂﬁgﬁﬁkhﬂp as defined in claiml or 2, wherein an optinum
val ue of the back pressure characteristic is calculated by a statistical

t echni que usi higthis wiyuthel calibratibn mestianisen ¥ddofdin@MisSAHBDJ mlakeOft! €S- 4. An

i nngr db&gﬁ&eetr NEES%J%nE devi ce which measures an inner diameter dinmension

of 20 aPcyl i hArPeRPSIBr RIr RuGiomiciess Adeasyly Ry sknply|switahing éhe destivdtionlofhol ds a

wor K or camprassee airNOaBbrafdIR', Q&g{lﬁg ' Eon i nown;. an air supply

devi ce whi ch supplies go_rlrprélsese aiﬁoglhgﬁaﬁﬁﬁmgéﬁgﬁw I%efas’tlrﬁ@e{hfgrk or

mast er #EPERCHyand ke Gedibration mtichanisteof this erABodimbAcden PeABAH AR GChaNgoMeVi ce
{2y

whi ch ressure of the conpressed air supplied by the air
suppl y e{g/?s%%up %‘% ?ﬂgs rforsﬁ H‘é?detﬁ’é’?’ﬂﬁ?é??t%?w helipmakes it pessible to raducecke messur e
char act spehsdr €alibadtions gxtehﬂﬂpmﬂﬁ‘ﬁgﬁgv%rr,ggtgflgggm%g{ggs a back pressure

.characteristic which represent tween the inner dianeter
di #®nsi on andVbee theprark Vi tebameasudidniy changad detaee the derndaliBratibn P A€ K

pressur : ter detected by the back 3o pressure detecting device,

and an Elﬁlrﬁlgréarén%%% &libral o&fpgs?-r ‘?ﬁé& Ue miyintad andhe gergicalibratien magter

di anet emeasirieg siblerBdnd! hegnifidaioh cAMBridth MGk MERTIY GvRfst E@co Béy.det ect ed
e bac

by the back resg&lr e.detecting, device, 19 according to t pressure

char act er i st i‘co*t=eserppiion yyill be givermof a foyrtnembodigentcafithemathod ahd dedcs forcl ai m

4, whergeldutileinter KamstePd Lok r. di aneter. 6. The inner

di anet er meag%ri.ng d_evﬁeceﬂlgesng@el%o?r@dr i ﬁb@pgl:é&gﬁhe&regﬁm@% conprising: a
15 The inner diameter measuring device according to this embodiment differs from the

inner diameter measuring device of the first embodiment in that it is further equipped with an
air-leak checking mechanism. Otherwise, the configuration of this embodiment is the same
as the inner diameter measuring device of the first embodiment described above, and thus,
only the air-leak checking mechanism will be described here.

20 Fig. 5 is a longitudinal section of the measuring table 20 equipped with a sealing
device 90 for checking for air leaks. As shown in the drawing, the measuring table body 24
is flanked by a vertical column 92. On top of the column 92 is a motor 94, whose output
shaft 94A is fitted with an arm 96. The arm 96 is mounted at right angles to the output shaft
94A. It oscillates between a sealing position (indicated by a solid line in Fig. 5) and waiting

25 position (indicated by a two-dot chain line) when the motor 94 is operated. The tip of the
arm 96 is fitted with a rubber pad 98 in disk shape, which is pressed against the top face of the
work or master held on the measuring table 20, thereby sealing the upper end of the inner
periphery of the work or master.

The work or master has its inner periphery sealed by the rubber pad 98 when the arm

30 96is located at the sealing position, and has it unsealed when the arm 96 is located at the
waiting position.

The sealing device 90 configured as described above can be used to check for air

leaks as follows.



mast er hol di ng devi ce which holds the master; and a sw tching device which
sel ectively switches the destination of the conpressed air sypplied by the
~air supply device between the work held by the work hol di ng device and the
master held by the master holding device. to 7. The inner dianeter
measuring device as defined in claim4, 5 or 6, wherein the work hol di ng
devi ce and/or the master hol di ng devicet conprises: a hol ding device body in
which a work receiving hole is formed to insert the work or master al ong an
axis; 15 an elastically deformable retaining ring which is installed at an
openi ng of t Hehevwerk Weétmspdrted th theeneasorifgwinit b yWHethnb 38 rdMRF K4 ke er is

i nsert I e rk,receiving hole; a pressing nenber which is capabl e of
goi ng ﬁﬂegﬁ%&%ﬁ$%%¥e?ﬁe hol di ng devi ce body through the retaining ring and

whi ch presse ihA j Lot t hol di n eyl ce hody and
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worKk regelvi.ng .hole and, suppl ]
Whegr<ei (naﬁal%éeail%lﬁ'ethﬁé%ﬂmif’rg rﬁ&éser is inserted in the work receiving hol e

thr ough the k] ipiteGudrk is R séclfd, ot ALY it Qg ofleyice chams and
fastens the outer surf arce (l)Sf th(sa cwor ’ﬂgér ma ?Q?W%%E&Mﬁﬁﬁbﬂﬁg hol e
wi th t Ot leaker HRweygsHié ihe workiWds nesthaldpmoperty, aiy reayde@bfro@etwddaehOmefd Ng of

t he woryy VLG Lih the retaining ring by pressing the retaining
ring vvitr?Eltaﬁ@r%?%glsvl ﬁo&%’%'ce and causing the retaining ring to contract

its inner di dietefsre, Bhenlthe woRlO® isHef BIUEE EERSiH itébg%ég‘ﬂ £Sh@%ed9l 4ed 10

'ctaim7, further conprising: a blocking device l'ocks an open end of
t he? worlkaks és Epligysite aake sure et dfi in beld seciwely oa theméasurinp eabi@s0.er hel d by t he

ster hol di Lca: n ain | eak detecti evi ce which detects
Irmelakage of :a?:%sg%%ﬁ |ﬁ1<§=dvel &g‘?ﬁ%ﬁ%m F?(Sﬁeé’&eélﬁ'\’/‘?’}ggmﬂlglﬁ’ maier Ybisiepisiedi ng
devi ce and therainf$ swingsteortl ehicewhitielg paditien & the B&iliAa pbsiBbES S@ste&&enﬁ Gpyor K

detect ed th ack pressure detecting device and/or detectrng pea age of
air Py % a‘ﬂfﬁs‘? Fthetip of s arpy 30 ¢amessiiniofgniaey witly thetuppemmsitfece dfshalivock

ot ect od by oo pleB (A 70N Sol e NP 5ol DR LRt BB By By
melds ur i BsEetecthe ais soeke AQds operatédaam obmpBesséd aif issupPlicd toth\EF s P! | Si Ng: a
dovi ce TAGEA S Boklihd eHEE 20 "R bk Bisswerot G romRgpsted Aipindetmstonnk |+
hol di nthed&/B emvertdra aRB d8LPEHPAH sle@Ahl signal to the controller 46. The controller 46
checks for air leaks according to back pressure outputted as the electrical signal. Specifically,
since any air leak will show up as a change in the back pressure, changes in the back pressure
20 is checked for, thereby to check for air leaks from the measuring table 20 which holds the
work W.
When the checking is finished, air supply stops, the motor 94 is operated again, and
the arm 96 returns to the waiting position. If it is determined that there is no air leak, normal
measurements are taken subsequently.
25 On the other hand, if it is determined that there are air leaks, the work W is held anew.
Specifically, the transfer robot 54 picks up the work W and holds it again to the measuring
table 20. Then, air leaks are checked for, using the same procedures as above. If it is
determined again that there are air leaks, the measurement is stopped, suspecting an equipment
failure, and a warning is issued (e.g., the warning is displayed on the monitor 46A or a buzzer
30 is sounded). Consequently, the operator performs a maintenance operation and the like
according to the warning,. '
In this way, since the inner diameter measuring device according to this embodiment

is equipped with the air-leak checking mechanism, it can eliminate wrong measurements



a sorting device which sorts works recovered by the work recovering device
into 10 predeterm ned ranks according to calculation results produced by

" the inner dianeter calculating device. 10. The inner di aneter neasuring
.device as defined in claim4, 5 6, 7, 8 or 9, conprising a plurality of

t he work hol ding devices and back pressure detecting devices. is 11. The

i nner di anmeter measuring device as deflsned in claim4, S 6, 7, 8 9 or 10,
further conprising: an image pickup device which picks up an inage of an
end face of the work held by the work hol ding device; and 20 a fl aw
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20 flaw detector 100. The end-face flaw detector 100 uses a CCD camera to pick up images of

an end face of a work W held on the measuring table 20, and inspects the end face of the work
for flaws according to the resulting image data.
As shown in Fig. 6, a CCD camera 102 is installed above the measuring table 20, It
is equipped with an AF lens unit 104. The AF lens unit 104, driven by an AF lens drive
25 device (not shown), is focused on the end face of the work W held on the measuring table 20,
Then, images of the end face of the work W is magnified by the AF lens unit 104 and picked
up by a CCD contained in the CCD camera 102.
The image data of the end face of the work W shot by the CCD camera 102 is output
to an image processing unit 106, which then processes the image data to inspect the end face
30 of the work for flaws.
Incidentally, the CCD camera 102 is moved between a waiting position and
measuring position by a robot (not shown). It is usually located at a retracted position (the

waiting position) away from the measuring table 20 and moves to above the measuring table
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T#foor iy e eijed o the end face of the work W held on the measuring table 20. Then,

images of the end face of the work W is magnified by the AF lens unit 104 and picked up by a
CCD contained in the CCD camera 102.

The image data of the end face of the work W shot by the CCD camera 102 is output

to an image processing unit 106, which then processes the image data to inspect the end face
15 of the work for flaws.

After the inspection, the robot (not shown) is operated again and the CCD camera 102
returns to the waiting position.

The above processes complete the inner diameter measurements of the work W
including the end-face flaw inspection. Then, the work W is recovered to the recovery unit

20 14, being sorted according to the results of the inner diameter measurements including the
results of the end-face flaw inspection. In other words, the work W is recovered, being
classified into either an OK work or NG work.

In this way, the inner diameter measuring device according to this embodiment can
inspect the end faces of works for flaws in addition to normal measurements of inner diameter

25 dimensions. This eliminates the need to inspect the end faces for flaws separately, and thus
improves the efficiency of work product inspections.

Incidentally, although this embodiment only inspects the end face of the work for
flaws according to image data of the end face of the work W shot by the CCD, it is also
possible to determine the outside diameter size of the work W, inner diameter dimension at its

30 end face, eccentricity between the outside diameter and inner diameter dimension, etc. through
image processing according to the image data.

Also, the end-face flaw detector 100 according to this embodiment can be applied to

the inner diameter measuring device of the second to fourth embodiments as well as to the
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% & () oM@ nsion is known, detecting its back pressure, and thereby calculating a back
pressure characteristic which represents a relationship between the inner diameter dimension
and the back pressure; and
supplying compressed air to an inner periphery of the work to be measured, detecting
its back pressure, and thereby measuring the inner diameter dimension of the work according

10 to the back pressure characteristic.

2. The inner diameter measuring method as defined in claim 1, wherein the work is 0.05

mm to 1 mm in inner diameter.

15 3. The inner diameter measuring method as defined in claim 1 or 2, wherein an optimum
value of the back pressure characteristic is calculated by a statistical technique using a

plurality of masters which have some uncertainties.

4. An inner diameter measuring device which measures an inner diameter dimension of
20 a cylindrical work, comprising:

a work holding device which holds a work or a master whose inner diameter
dimension is known;

an air supply device which supplies compressed air to an inner periphery of the work
or master held by the work holding device;

25 a back pressure detecting device which detects back pressure of the compressed air
supplied by the air supply device to the inner periphery of the work or master;

a back pressure characteristic calculating device which calculates a back pressure
characteristic which represents a relationship between the inner diameter dimension and back
pressure according to a detected value of the back pressure of the master detected by the back

30 pressure detecting device; and
an inner diameter calculating device which calculates the inner diameter dimension of

the work from the back pressure of the work detected by the back pressure detecting device,
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7. The inner diameter measuring device as defined in claim 4, 5 or 6, wherein the work
holding device and/or the master holding device comprises:

a holding device body in which a work receiving hole is formed to insert the work or

master along an axis;
15 an elastically deformable retaining ring which is installed at an opening of the work
receiving hole and through which the work or master is inserted in the work receiving hole;

a pressing member which is capable of going in and out of the holding device body
through the retaining ring and which presses the retaining ring against the holding device body
and thereby causes the retaining ring to deform elastically and contract its inner diameter; and

20 an air supply channel which is communicated with the work receiving hole and _

supplies compressed air to the work receiving hole,
wherein after the work or master is inserted in the work receiving hole through the
retaining ring, the inner diameter measuring device clamps and fastens the outer surface of the
work or master in the work receiving hole with the inner periphery of the retaining ring and
25 seals the opening of the work receiving hole with the retaining ring by pressing the retaining

ring with the pressing device and causing the retaining ring to contract its inner diameter.

8. The inner diameter measuring device as defined in claim 7, further comprising:
a blocking device which blocks an open end of the work held by the work holding
30 device and/or the master held by the master holding device; and
an air leak detecting device which detects leakage of air supplied to the work
receiving hole of the work holding device according to the detected value of the back pressure

of the work detected by the back pressure detecting device and/or detecting leakage of air
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a work recovering device which recovers the work from the work holding device after
measurement; and
a sorting device which sorts works recovered by the work recovering device into
10 predetermined ranks according to calculation results produced by the inner diameter

calculating device.

10. The inner diameter measuring device as defined in claim 4, 5,6,7, 8 or9, comprising

a plurality of the work holding devices and back pressure detectin g devices.

15
11. The inner diameter measuring device as defined in claim 4,5,6,7, 8,9 or 10, further
comprising:
an image pickup device which picks up an image of an end face of the work held by
the work holding device; and
20 a flaw inspecting device which inspects an end face of the work for flaws according

to the image of the end face of the work projected on the image pickup device.



