" e3eDR 6HTs P SPECI FI CATION  METHOD AND DEVI CE FOR MEASURI NG | NNER

DI AMETER DI MENSI ON OF WORKS TECHNI CAL FI ELD , The present in I tes
to a nethod and device for neasuring inner dianeter dinensi ommmm"mﬂmmmm
More particularly, it relates to a nethod and device for rreasuri_g\%%'_nner
di amet er di mension of fine cylindrical Works such as ferrules. B ND
ART Conventionally, to neasure inner dianmeter dinmension of a fine

cylindrical work such 1o as a ferrule, the operator insert of
predeterni ned sizes in an inner pSYEGHECHTEINt he wor k. For”mmmmmgmﬁm
neasurenment, the work is placed on a V table or the like, the,woLk i's

rotated with a probe of a contact type displacement gauge kept 1h contact
with it METHOD BND BRYIGE FRMEASURING INNERAAMETRERIMENSIONIRF vior k | s
det er m Rg, m t he anount of displacenent of the probe. Alternatively, as
di scl osed 1 n Japanese Patent Application t5 Publication No. 8-29642,
Japanese Patent Application Publication No. 10-227619, and Japanese Patent
Appl i cat i iQn No. 6-174433, for exanple, the work is placed on a
V tabl ewﬁlﬁﬁé#%@ftﬁmges of its end face are picked up with a CCD canera

whilse it is rahapedentdnvbntibe rdl@ssiotd methbdag®deladefor meddilbingGiiRd diatnetdiage
processing to determne the inner diameter dinension of the work, 20
However dimepsiopeRfippRrkivni Mare pagticularly, §aelates thamethed apd daskfor seapwigiippsig t he
oper at ory; : : DRASWi ng each work manual Iy.

Al so, itdw%esf&?ﬁgl@gsrlgn a‘gﬁéctﬁﬁﬁgﬁziﬁvﬁgﬂa%%%?acy gbause of manual work.
Furthernore, it has the drawback that the pin gages, which are inserted,
get wor BACGKOGREHINPWRTs are taken repeatedly, resulting in inaccurate
measur enents. 25 t t her hand, t.he method whi ¢ch_uses.aut omat i C

Teasur enent o 6BV iongiT i Hekeus Mg dingeR ERPSn oEA GHF SRR RN Eh « ne
Wor ko Nusk alf@milefthé eperhtof ixﬁéx@"piﬁ%&ﬁ%?’s Sfpréideterthined sizés Mg ihmke pelfi ekthef
needi ng a nmechanismfor rotating the work, resulting in increased equi pment
si ze. Fuvarker Rerrantomaticraeasuteaeat, sidowenk is pleced ora V tablsjos therlikenihe wageisget s

worn, r i A . the like
e Tot st i 4 Brob BB SLOME IR RRRRAELRBERAT bOad iBNInE L R ¢ e
a cont agkripyqre, adsid meemdianetgadigensiohiof the watk isdendrugsed finwe thd angovninef pr obe
in the inner peripher f the work, cannot nmeasure small-di apeter works
sUch 2 Geaiest B diche: nAfemEiely Anisors 167 AHROE e AP REAT e

Meagr ethyb{RatidANS 80640 aRPandsd PattRt Al CPutiR %o RKBIR-RF@E9SHang has the
drawback of being able to nmeasure only end face dianeters. The present

i nvent i dapdngse Pasent Anplication Rubdigatisin Nove- B9 8, for oxample, thevworkais pagedoj @0t t o
provi de i nper.. di.aneter..nmea i h | [ (o ure
iner aifae o AL 7R boec R i B e SFbll P BRI
conf i guraatitisresSHMd/EedataliblbutjedENDl ifdNg prooedng tb derirhink thd ingeralinueer
object, the present invention is directed to an inner 1 o dianeter

measur i fEMERHPRHAL the Woleasuring i nner di ameter di mension of cylindrical

wor ks, charactety hsd : i sed air
Yo 81 i nnor i iner R pERBR el BF (3hERBaRlne EHPRCK PO 68

di mensi aperasorikto expenddedreattdealpfictorthaaakuringamsh merk madudllyer alio, tdlactheat i ng a
back pressure characteristic which represents rel ati onshi p between the

i nner di dipwbask Qﬂl%a&ﬁm&%b%&&%@ ?fr“é‘g’é‘alr‘ﬁ?r an ug’ﬂ?ﬁ&"%ﬁ‘d’_"’é : AWk air to
the innegadfe BﬁLgaE&E;' Whid ard ReMQ, Eett@oxjﬂ%s ﬂ%ﬁ%&ﬁ&lts {81! r@ﬁea’téd?y, back
pressure, and thefeby nmeasuring the 1 nner dianeter dinension of The work
accor di ngsuling imdna@otatpmessirneenthar act eri stic. The present invention

supplies conpressed air to the Lnner.periphery of a work et ect s changes
T B s “hack prad ieroutes e e PedPa Wi ise o itnba i merVeilenut B ¥ FraRBRdR o
t he wor kof tdiifig AhRTENfeshveiintbkciia® theiySrkiTRas BE SHRIRH Forl dAckR neBQrémértTe
because there is no need 20 to rotate the work. Also, it always gives

accur at eAlsndt bastht dravback pemsding agueshanismdagrogasingdbe whrky sesuliisgau snsreasedear
occurs. éb‘qlufp(%henlt tsiz(e:.a nF\%‘%?mgr%\,/{t%gs ﬁ)% rﬁ?f‘wcgacfe ?l?a?ﬂlsee\' %atbled(())rq e ﬁ% 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



need a nechanismfor rotating the work. Al so, the work may be 0.05 mmto 1
mmin inner dianeter. The present invention is extrenely useful in
nmeasuring the inner dianmeter dinension 25 of one-di ameter works rangi ng
from0.05 nmmto 1 mmin inner dianeter because it does not need to insert a
probe in the inner periphery of the work to be neasured unlike conventiona
nmet hods. Regardi ng the back pressure characteristic, an optinum val ue may
be calculated by a statistical technique using a plurality of masters which
have soivolyrsdnsesting the probgdn thedmner periphery pfthh anosk, canmot madasure emallidirangieres ent

I nventi Qn._provjdes accurate asurenents by reducing the effect of

uncert a&](ﬂ?se%u.c}l as gergﬁg %Ecﬁgg% %F?j{f”?ﬁfoﬂ?é‘mm&‘ b easpreds - O ngtEﬁenat ic
Vi ew shepienBai) IRV @E@abd Mﬁ)dhfdsgélfn@dgb%Pq&gsiﬁ’%hdsﬂﬁ'@ﬂra%qu{ei fol Ng device
according to the present invention; Figs. 2(a) and 2(b) are 1ongitudinal

sect i ondneangwionty enddaes digmetstsi on of a neasuring table; Fig. 3 is a side
sectd on show f.i af i sl ' |

showi ng a connisarGPl heubESh hilheth dhdbih View e dod® pRosthF Fud et dh e

| ongi t udd padvidecmtinmer ddmeermesuring methollaad devitowhithwai heasuse inengiasiet ce;
and 1o Fig. 6 is_a |longitudipal section of a neasuring table equipped with
an end- (RIS IIHAT HOTETGASHY and JECPRISt IR SERBIOPRASHEIECR CARRYI NG OUT THE

| NVENTI ON Enbodi nents of a nmethod and device for measuring inner dianeter

di mensi giMMARY %Sk fAgANUENTION t he present invention will be described
below with reference to the 15 drawings. Fig. 1 is a schematic view show ng

an overal | conf bgler &t ateun the ahove objent, the present investisiuisidingctdd vo areinaercor di ng t o
t he present invention. As shown the drawing, the inner .di te asuring
devife OSSR elliod gy RSt et dipenps of cuburial warksy 14,
mast er shefe@fzed by c&ﬁprjsﬁﬂg&ﬂé Beps oft! Bl!lﬁply'liﬁg c@ﬂﬁre_@é&ﬂta[&b ahl Mrer E&i;ﬂi@@r o|Aasur es
the inner_ dianmeter 2o dinmension of fine cylindrical works such as ferrules.
The measyHndricalipasten whesea8ugr sianpgter dipgasionyiskrewar deioting 4 Sackopresstes, apst ks W

The thereby calculating a back pressure characteristic which represents a relationship between the

inner diameter dimension and back pressure; and supplying compressed air to the inner
15 periphery of the work to be measured, detecting its back pressure, and thereby measuring the
inner diameter dimension of the work according to the back pressure characteristic.

The present invention supplies compressed air to the inner periphery of a work,
detects changes in its back pressure, and thereby measures the inner diameter dimension of the
work. The present invention can take measurements in a short time because there is no need

20 to rotate the work. Also, it always gives accurate and stable measurements over a long
period of use because no wear occurs.  Also, it can make device compact because it does not
need a mechanism for rotating the work.

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.



measuring unit 10 conprises a plurality of measuring tables 20 for hol ding
the works W and a plurality of air mcroneters 22 for nmeasuring the inner
di anet er di mensions of the works Wheld in the neasuring tables 20. 25 As
shown in Figs. 2(a) and 2(b), the neasuring table 20 conprises a neasuring
tabl e body 24, pressing ring 26, retaidng ring 28, and pressing device
(not shown). The neasuring table body 24 is installed vertically and an air

supply channel 30 is formed in the center of it. In the upper surface of
t he meaBRIEFPEMRETIONOBAIHEDRAWINGS ar recess 32, at the center of which

is awrk receiving hgle 34 with a.predetermn dept h. The 3a work

recei ving hol &%4 1?g s%}eg{ﬁﬁagbe%%}%véﬁg gy Qugral C%‘%{dgﬂra?’ﬁﬁ oL pR "?ﬁb%?‘?e@ﬁannel 30
and i s apphGkighdlvRdeYcesttinl tb thedréseRt i@VedtOnt he work Wneasured. The pressing
ring 26 has a_work passage hole 36 slightly larger in dianeter than the 4
work formed i Kigst %@VﬁnchZ(ghgreilergltﬂﬂmgl. sevHenspphew#lgycanfigyragien pfa frieasusigi n t he
recegss ({%ﬂé,orrred in the upper surface of the neasuring table body and is
supported i'n the recess 32 in such a way as to be slidable in the axial
direction witiFig.Bds asidesectionfshowingfa dohfigiradessf Bwokgr ving as a gui de

surface. On the | ower sgrf_ace of the pressing ring 26 is a pressing surface
38 tapering t &WhAds pRlockdingsam shoying acaptiswationf & calibraton gechayismig ™ The

ecoss 53 1 or wu i ITEAGAR SO AR mErTRRE LR elifoed bR QA TGS |

nmount ed andncentrically with the work receiving hole 34. Wen pressed

agai nst the pressi.ng,surface 38.of the pressi rin 6,..the retaining ring
28 1% squeeze ,lg-%dﬁg#%’e‘flﬁ al ﬁegthrh%téqmaﬁaﬁgg@ﬁ?e Wh‘%fsg%thr?ﬁr‘i‘?ﬁ A& tions
(no-l oagjegefdi tions), the retaining ring 28 has a larger inner dianeter

than the outside dianeter of the work Wneasured. Thus, the work Wis
inserted in the retaining ring 28 al nost without touching the |atter. The

pr essi ng IHeVREFERRSD ENSHpYIMBNI B R CARRY NG Ve THE MBEIN and presses
A . . : g
oasur i ng. + aba g fle 864 helxof AE 8L BF rlBRlne R oo dr b Bndiifor

i nsert edvdrks adverdiny to thapseage iehtoBd@ilbbe ddseriipsdesedow grithirafgredbe tdthe ti p of
the work, Wis inserted in the work receiving hole 34 formed in the

meakuri M@YE6%e body 24, as shown in Fig. 2(a). In this sate, when the
pressing ring g6 1§ aREIRHSAR Vit SKRviRg 88 1481l Q&iﬂ%@at{oﬂ%tf_aﬁhméﬂhi_ahﬁ%r d the
nmeasuring table body 24 as shown in Fig. 2(b), the retaining ring 28 is
squeez edneagutiimgdevideeacgerdingde shapresent nxentic®8  d¥s shpwn theedrawing, thiedeners,
contractj.ng its _inner .di.apeter, Consequent|y, . the.outer .surface of. the work
Wis o gt SeiEnE o PERPriserf RS RG eplt 10’ RRARESRL 1% teb e S AN g
tabl e 2Qnasfirs@radehmit 1, &uiNpod unitN@, &7 ArBBuniN!PardYhed¥aies tieOfhéiantéten t he
outer surface of the work W providing a seal between the work Wand work
recd vi rfimeesien eifinereyligieead works sweh abforrulgs. t he pressing ring 26 is

rel eased. Consﬁflgﬁ%tss{:ﬁ%ég iie 10 me u?e?ﬁﬁé"ﬂm&i dl?%x@t@r GifdSi0R of the! ‘%&%w'm.g! |

position by the restoring torce of e retaining rin ile the
ret ai ni ngeasiringg wis &0 tomprisey erphurality of megsunalg tablesn2 for holdingt the eloeistWeand a

restoring farce. .This rele s the work Wfrom clanping.to ke i
ooy bl U i QS L2 oo e anc dimetet 3P Eiondo! TRk 42,
A E convighd i thé theasuring tables 20.

25 As shown in Figs. 2(a) and 2(b), the measuring table 20 comprises a measuring table

body 24, pressing ring 26, retaining ring 28, and pressing device (not shown).

The measuring table body 24 is installed vertically and an air supply channel 30 is
formed in the center of it. In the upper surface of the measuring table body 24 is a circular
recess 32, at the center of which is a work receiving hole 34 with a predetermined depth. The

30  work receiving hole 34 is provided concentrically with the air supply channel 30 and is
approximately equal in diameter to the work W measured.

The pressing ring 26 has a work passage hole 36 slightly larger in diameter than the



"and ‘controller 46 as shown in Fig. 1. 30 The air source 40 supplies
conpressed air whose tenperature and humdity is adjusted to be constant.
The regul ator 42 adjusts the conpressed air supplied fromthe air source 40
to maintain it at a constant pressure. The conpressed air maintained at a
constant pressure by the regulator 42 i4s supplied to the air supply channel
30 of the neasuring table 5 body 24 via the A/E converter 44. The
conpressed air supplied to the air supply channel 30 is injected and

di schar gedk farmed danitsehibalpmgisy axisr | Peaqressing ringe26vie fikkedNthibk decess 32 fermedisur i ng

table 20. The A/ E copyerter 44 converts the back pressure . the conpressed
air into airet %“SF*?F 8@%%?6@%&?“%@%&09 B‘Effllsts‘-lm?nﬁgl?? g\ﬁég“‘fﬁ%g{iwfﬁ“&?ém@al
tr ansf oagey belidabletip tHeaxidl diréctionevietPme el Surf46 of HeQBcess BB st Pk aQh ofifde 46

cal cul ates the inner dianmeter dinmension of the work Waccording to the
el ect ri éunfacs; g4 the imeer sunfeag) of theopressingrring 2nis adresgingsndacsrd 8 tapatingfowgidd on

a nit i . ler 46 and is stored as data in a
ma%ry ?Eleoéggﬁgﬁg%&#t#g@éﬁﬁee%mwﬁgﬁéé%htroI | er 46. The feeding unit 12
suppl i es the e kaaiiigarinpe28ie aside eflan tlasticsmaratialppe donthinbd i the réceeding tabl e

48 for housing a | arge nunber of works Wto be neasured. The feeding table
48 is prlemedda theuppepsuatase ef thgimaasyring table bagdy 24 Hhis mountedgongenmietlyof hol es
at cert ai;p 4 ok p : : contain a
o kW (e NEE RSl s Do ek 3 S e RS S i ch have
been nepsassing ringl2é, thd r&@inifg A} 28is sqeeyed,) nontrating asrpmesdiamater. OkUndee m
recovery tahle 50A for housing. rks. (worKks ich neet a predeterm ned
Cr 1 Ror | SRgrahangoRC SR TasBings), MeapRitEbmns of hisch irs s SmRE: (B ke
whi ch dend\@itsil® anfet® oP HRAGSRWinashred.| UBiusOME wolb  [sSARYRA Yn RREERIMOA and
50B are provided with a plate which has a |arge nunber of holes at certain
i nt er valrfgi2y almestyipwut wyehing thedsttqrs t he case with the feeding table 48.
Each of the h ' | |.C ster
?‘gﬁi{e%ﬁﬂ ‘c‘i&%?@rﬁg ?rm‘%ﬁ@‘eéa}%}‘}’@és for 325 g e{:'ca{ﬂ?lg%ruaglﬁgﬂesl&ethga

e
storage unit ores nas or zero calrhb
magni f i paéssmg ringl26hiowbidane fleadufig @able Bodyr et ers 22. It conprises a master
storage table 52 for stori ngl the masters M The naster storage table 52 is
pro\d ded, for Qaapreesurifg:table 2B mithdhqabavg craldeuation Jbem thekerk oY inigsatedar
certain i mee&%r‘ﬁg%séaﬁeh € 8RR He rﬁwsf@q_ﬁ, b tﬁ@v%@thig isBRed fGAL NI
table 48. Eac t e holes can contalm one nmaster. The transport unit 18
t r ansportak réreiving kale 94 fornipd inBwgueasuring @hictbody Résdishgwniim Figl2(a).o Intikis
measuring unit 10 and transports sured works Wfromthe neasuring unit
10 to t e BBER 0P pReIsnE T 20 PG 0y ATESOT LI G (HRIGPEPD TVAFbME he

mast er shéys 14Bletbod§ 24 Qs bRV I(BY theTetainktl ARL2E [sBG8RREd Stk tHer at ed
masters Mto the master storage unit 16. The transport unit 18 is equipped
wi t PP a tRressigspripesht ofhe prepwing Fing 36.conwadsie its Annep tigmetss Gonssapaitly, the
which tr I i r.al i ed . i t
shown) NS S ERIATEwEE W3 bllped By IR ALLAEHAN 2% tofine 88 4R S 8
openabl ahedsossbiablet2dnd Adsd, aiet rataidnlg ting 28 eorhespintf intimateasomabOwitlcdrelouegdr k Wi s
transported, bejng q{:{q})ped.by t he Eand 62. The control unit, 70 controls

i ndi vi duBrfachpitae WRrlc W, ervibama soakbetwien thaiverrk b And Werkgeeaiving iglegidyi ce
accordi ng 1o arigR&ine MRS QR W RE fHﬂiné Hn%§6?sqléleﬁ§bﬁg Woh%bﬁﬁeﬁtﬁ’;’ﬁg panel
(not shown) as a neans of entering varTous | nformation. e |1 nner di aneter
measur i nyessimg ring, 26crenfrigror serigmat pesitiorbiydtha blastic restoeing fase afthe odthioing. For

t he purposes of. explanation, it Jis assuned that. ferrules nuf actured to an
Ut 5! de TN RS LR SERBIngT HaFiCRervr B T EEISG D S 5060 St
have t heryis (dlda8és tHe JTRE O frEEBARPIRR tPmBRAS WikskabRCCEPt €d or rej ected
according to the results of neasuréenents, and collected separately

according to adweitmivcemeer 22¢ameprisonan Speairéd 4 ir¢gplatonve, WA kenverterdd.sat i sfy
a preset_criterionare collected as OK works on the K itemrecovery table
SRR ARt ot

50A whi | f satisfy the criterion are collected as NG
wor kg on the NG didburce 40 supplies compressed air whose temperature and humidity is

adjusted to be constant. The regulator 42 adjusts the compressed air supplied 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



"1o recovery table 50B. Before the works Ware neasured, the air mcroneters
22 are calibrated, i.e., they undergo zero calibration and magnification
calibration. The calibrations are performed when an execute calibration
signal is input in the control unit 70. First, the control unit 70 takes
the zero calibration master Mout of tBe nmaster storage 15 unit 16 and
transports it to the nmeasuring unit 10 by operating the transfer robot 54.
The master Mtransported to the neasuring unit 10 is delivered and held to
t he neabedy yviadhe A/Beonvedetrl.d the master M the master Mis inserted in

th k hol e 36 of t . ing 26, .the arip of the t f
obot 54 1o HEcBBiRsstt % b RalR Bl Sehly etk 30 WioRlBaB gl e
nmeasur i Bgotgthe inRe perisheByof the werHEWShdl ofl ¢ ii€as(iid tabRDYN) Thé A/E

Consequently, the retaini nglﬁrl ng 28 is squeezed hy the pressing ring 26 and
t he masteRVeREr ¢4 srnvarty thedathhprepaise of the gompissd aly ipe) anglestigap eignal yisinga

squgez et Shefln0 afd Bkerig MRS SRR Kol indild bnSepLEeand hel d

in the work recelving ho 4, a gap I1s f tween e maste and
wor k1 eceitwilieg 46 ohleulates thrinndrtdimeteradiinensidy of the woek W adcoging rahe Slepticath i s
squeezed. Thus, all the air supplied to the air supply channel 30 is

del i ver eigna@s (Thechleulateddnngrdiameterrdimenisiohis dispiayed oivia nwimétor #6& imstadledronM i S

hel d on .t he suring.table 2 t.he air soqurce 40 . s erated ang t

bormor oodlsronfFBtEe 8 5t 88w of e rfictorh U D nEatBln S SorBoflet ot or

42 is suppl i edht ecdhi @it 1250upplios tBOVOARI W IO b mehdiRedre asidlelipptdith a20 Vi a

the A/E converter 44. The conpressed air su%l led to the air supply channel

30 §0s difecdiertgblg 48fforhousiag s large mpmber®f works 36to beyagaspeed; pAbe feedmeitahle nast er
M The . I erter
34 and aoionevERafoPeRimuR R PIBRESth Bhda fhcdRhiSt FEndh b b mERRKEY T
46 st or asthehppbatkfape. e Sach of dethwlasfcan hentziaraovark|Whto be measuredst er M out put t ed
as the electrigal signal.in the bujlt-in r 7 \When th ro
calibration mige&orpanindareovendty warcs R bavg hspy meesus S, 85 and ¢ he
nast er MedovetyUndCkesbmpHiad arl OK itdneraeb @ kdble 50 r2busifig DKLROrKs(WBIKREI Ng
pressed by the pressing device and from bei ng cl anped the retaining ring

28. 15The Whittomreid predatermingd ariterian) padian Nehitemh eccriery idhle 408 denhousing M(H st or ed
at 1ts %drﬁ%@?drk% ﬁ'gﬁzgl'd(arh* &egm%gtﬁﬁgtgﬁ?ﬁ&(?f:ﬁlgﬁoﬁﬁm Yhé ec@éer&qgolésr ?ﬂﬁgrﬁf :

robot 5 ranster ro akes the ‘magnification calibration
mast er MOBuire pfovided with d plareaeltielt hast Olaepgeaumbiet ofldlesrad centzdm &penvals in thet o t he

neasuring unit_ 10. The master Mirans t ed th asuring unit 10 is
simlar |U?>pereﬁurf9%er ads g\waﬁf‘ewaﬁtﬂe? %F@n&@&f& néoaflasf theBgles gpmontan a work

W which has been measured.

20 The master storage unit 16 stores masters M used for zero calibration and
magnification 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



magni fication calibration master Mis held on the nmeasuring table 20, the
air source 40 is operated again and conpressed air is supplied to the air
supply channel 30 of the neasuring table. The conpressed air supplied to
the air supply channel 30 is simlarly discharged after passing through the
i nner periphery of the master M The b#&ck pressure of the conpressed air is
detected by the A/E converter 44 and output as an electrical signal to the
controller 46. The controller 46 stores the back pressure data of the

magni f i eeeaswingalgvico meedrding has presetvhaetianurogrenh. adt is kquippastwith a sduchipgmall i n

t he bui |t -i ry. Wien the magnification calibration master M has been
neasure&r,EOttsﬂ%@n&r% asrﬂ%%lts)??%te'ﬁﬁg RS Blé"&a%é’ﬁd the master Mis unl ocked. The
unl ocked mast @he Mrief diafiRRY @tbaburii® dehRe [RAGed ds He¥otiBed2sboaB bpstaddsd at its
original location in the master storage unit 16 by the transfer robot 54.

The conf@lifiWser Eapthsauerasenelexplanations fidhagsuped that frades panugaeairgd tosan st i )

acctr af ARIS bt A2, R Ehade JFRABERnANG) RERTRE Fod Bl RS s o1

M and t deanmagndifnessidn 6 meagired)raatdprd orasieaed Mosdingtd thasesaits sNMdibutenLs,

di aneter dinension data of the nasters M Alsq, it_sets the neasured val ue
of the B&¢ Rggqctzféssapfe’afaw qoRerding tg accaptanes Py iECHaRt e¥pPefifigally thewerks ich ol ue
for nea i i s i ks are
roasur o ABrser RaraERtollected 18 OH B UrAE DR igth K033 1508 3¢ o
mast er [he werkd edich drenbt abtasfye thetdnideriomrage cellacted as NEhwosstoarthd/N&hitem

magni fication Ctﬁl i @ﬁati on 30 master M have their inner dianeter dinensions
meafur eCRYE A 8I5 in advance and the operator enters these val ues

bef or ehand i n Hefiste BRIW6iRs M trcAficdsiticd, thb@irnditokeRane) acnatibakawy., méy t he
control unit 70). The zero calibration master M and magnification

cal i br atuindergpgerocalipation andymagnifieationicalilration. a ehecalibratiprisare perfermed yhefor m
and mmaj Thj b B hrat . the air mcronmeter 22.

I nci dent%%efz‘g"f“@%%%‘%.mﬁ%é’r%@?%é eu?ﬁ“hgcﬁﬁetgésa&ﬁtﬁg' devi ce according to this
enbodi ment i s Faqykhzaltrol diit 70 fakesrtad zéry calibrhfien masterViayuo ofthe msasi? stofupgd all
of themare calibrated. VWhen all the ai ﬁgn‘i croneters 22 ha%e een

cal 1%r at8H 16:and tapsnests ji/1q the weaspring upip 19 by gperatingie “I@fl?fg"_i rooPiRet- ¢ r&6sf er
robot 54ndsal 8% uhfioled to M hRaARINERARUDGS dSer&f andhR1d BeRY Hﬁadﬁﬂh% (t)ajafehﬁemd

transports it to the neasuring unit 10. The work Wtransported
measuri ng uni {Totold e agesstey .dbk masteM igl insertedria thewerk passpge dblecd62df theTo hol d

t he work .as.is the case with the LN t he rs Mdescry.hed
above. RESRioEer B8 AR bl heleP Rt i e % ARE S Rep BB ASIEC, 1
ring 26,préRed tohard thaendaE @S table body 22 by iiee REREBRIdvico\@stdhé%kE). Measuri ng
tabl e body 24 by the pressing device (not shown). Consequently, the

ret & ni r@prxsccn)gn& thesretpiniag siag 2Bys 1qyecssa by dhqpressinging2ting theaassr M Wy i s

hel d on ] - -hel [ : retaining
ring 28.ﬁegfoﬁgﬁgg%gﬁ%@?ﬁt%&eémf%g%pete%gpév%géE&ﬂ?gﬁgﬁ\{ﬁ?ﬂ receiving
hol e 34 i s sedaWVhkeh thelheastet Vehasatscip/ihsestedeind held ih ke werksedeiving helbl3d, £8ap t he

air source 40 is operated, . . .
is formed betwe%n the master M and work receiving hole 34, but it is sealed by the retaining

ring 28 which is squeezed. Thus, all the air supplied to the air supply channel 30 is delivered
25 to the inner periphery of the master M.

When the master M is held on the measuring table 20, the air source 40 is operated
and the compressed air whose pressure is adjusted to be constant by the regulator 42 is
supplied to the air supply channel 30 of the measuring table 20 via the A/E converter 44. The
compressed air supplied to the air supply channel 30 is discharged after passing through the

30 inner periphery of the master M. The back pressure of the compressed air is detected by the
A/E converter 44 and output as an electrical signal to the controller 46. The controller 46
stores the back pressure data of the zero calibration master M outputted as the electrical signal

in the built-in memory.



and ‘conpressed air whose pressure is adjusted to be constant by the
regulator 42 is supplied to 15 the air supply channel 30 of the neasuring
table 20 via the AJE converter 44. The conpressed air supplied to the air
supply channel 30 is discharged after passing through the inner periphery
of the work W The back pressure of thé conpressed air is detected by the
Al E converter 44 and output as an electrical signal to the controller 46.
The controller 46 calculates the inner dianmeter dinmension d of the work W
accordi ng 20 MWhentbe zdre calitiration masgerdyl s beantrheasyved, the airenpmy iststoppelandi s,

cal cul absdoiter s blBGRea ", 0B 5o bR 6 26 R el BlPhSne st s

det er m pagsing dedvanaEfrombeingaltupeditsydhe fotdhing ringeRer THe (RIOSkdd maktdrM is

di spl ayed on the nonitor 46A installed on the controller 46 and is stored
as dat arsmoveHdTare tsreashinre @hlswe)and stored ptdis ariginah locatinn indhe wasterstorzgs s ends
t he i nneg::dj ! | measur enent of one work W When the
magureﬁglﬁssﬁﬁﬁ?gﬁﬁ%t%g' operation of the air source 40 stops and the
measuri ng t abNexg thertednsfes esbot hié takos the Wiaghifaatioms calibrationmesssdr Mj ont ofgh®6 i s
freed from being pressed by the pressing device (not_shown nd from being
cl anped THYE HRE A BAGY Fuaposs R B MesRIb R b THE P BN hor k | s
renovedy§ ftﬁ%éa@ﬁiﬂ?\ﬁﬁym ﬁgirﬁi?ﬂ)ﬁ‘deﬁoeﬁﬂ dnd hélﬁ%@ﬂfetrﬁéisﬁ&xg 61 2BC OVRHeh (RO UNi t
14 by the transfer robot 54. Si'nce the recovery unit 14 is equipped wth

t he OK magnifiecatio ealiprationimastd M isdrelhonthiemeaditingtakls 28nidhe NG sotredPacover y

tabl e 50B for. housi NG wor.ks,. t he,recoyered rk, Wi tored in either
the'®0k PPERltPagaand Compessdal in sonpHefl QI AT unely shetsT 30 sbhE meastuiie i g
to the ragdll tBheonieassed SfBIPpSied &R hfrisgpply YharnbE3CRB Rinildrlyltischarf@d after

det erm nes_whet her the inner dianeter dinension d of the recovered work W
sati sfi @gssgqgéhwg&e iaperReFipBery of theymasterdiy W hackpresgureof theGompssssesh, i t

is storegg;l let 7] LSuPLn dMtridal sibhalq gsfy the
criteri %ﬁ,lg ?ct"ta‘?gd S E)Hree%@: rcl)‘ﬁtG ee?N alhiagmﬁ}lecovery tfﬂ)lﬂg %0%31%5&%%%%'8\/6
pr ocess &hecompdlisr 46 stoeesrtbabackgessureaiatr altthomagiificatmnwalibratids master Mar

operations are repeated,. all .th rks Wstored in the feeding table 48 of
t helf eed’?‘??@“tﬁ‘iﬁ &Ef%éi%%&%%%@?\g@ﬂﬁw‘ﬁﬁw nner di ameter measuring device

according to tWhé ®ERAGhIRMor@fibatish Wadlel MW hfbebh tcaRASH ke dr hupplyeig 20,
20, ... in the measuring unit 10, it proceeds with neasurenents wiile

suppl yi stpppedaidsthuvnmsesr & isamlagked heFhetunlodked sastenblisirergovedifiams theo, 20, . ..
L cn ShPSGEGAR 20 RO A1 GPBR! LR o pae B R B

t abl es sSu or eac finishes
bei ng neaasfeetbbot$d.s makes it possible to operate the transfer robot 54
efficiently, elimnat.i n%pwai ting tinme faqr neasurenents, and thus achieve

ef f¥%i ent nmeasiF SARIRLET 4p doeRnChEationstHp (hack ProgiYfEbapCtrRICU PFHG Hevi ce
accor di ngaf st infeCaitndielBilendions MR HaRSesGR BRE é%qre@!aﬁcarﬁﬁnglﬁ?gfe'l?&iﬁﬁ:d

peri phery of a work and neasures the 1 nher dianeter dinension of "the work
W accor diapkptessucd datg of therzetohmlibmtikn prastes M andothe tlagnifioationecsadibratian mastehi s

nmet hod n neasure the inner. di aneter di mensi of the work w thout

ot at | ng s WOV 5 kBREn ek Cipmelt oS ne ¢Re THUSSMemdios SRS Hes hor ¢
time. AlfaOwsulell vaRE oftethalR YiesfuirE 818 GEroRARBMAEN irastePRBasikfenRE valuBESNani sm
for rotating or noving the works. 20 Al so, the this enbodi nent can

ef f ¢t i ve¢agureawslire t he i nner di ameter di nensions of even fine-dianmeter

wor ks such as rrul e ecause.it dogs not insert,a probe in,the r k

i 1 ke convendBreatefiE AEGEG e driRahRons L O Skene oot bk e auges.
I'n this waatiod MRk PRsie Bbmthe BErb REliBrRASHaster Mevi ce according to this
enbodi nent takes non-contact nmeasurenents of inner dianeter di nensions, it

i s especi al | y Asdgseriibadrabaie she zene) calibsatjonagster M gnd mageificetionegalibation of

fine-di I i itk i g I jons of
fine cyﬁﬁ%%eﬁ-il\g\zg@{’é\;\%re ﬁgﬁ 1%3@ a%{%éffd é%%ﬁ?@éﬁ%%%ﬂe%é ¥ro€r1§31.§ b@g’r?’?% % 0 ?En’m in

i nngy  di GrEdt@rentedd tese vdleesibeforchant amdieabnuelis 46i(vg thieoudepaet @odshogvm of t hi s
enbodi ment is especially useful in nmeasuring the inner di aneter di mensions

of | ong Herenty uRE 78)c Thegerasalipration master M apg yagnjfiggiioncaliprotion mager My a

| engths j.n.r i . Iy { { i t is, as 30 shown
in Fig. l??eéig;ﬁ%%rgﬁi}if}gl e(r?érrlﬁllug sgclsnggwﬂ}o%;ﬁgbﬁgilﬂéﬁgﬁpgr C on an end, and
when conpr esseThisiendsithe clippdtioaslof the hirenicronster(22r | Pivddentadly, the dlirftR@erwor k
W the back pressure nmay not be neasured correctly due to the influence of
the chanfer C. However, when the axial length L is large enough in relation
to the outside diameter size D, even if there is an 10



internal chanfer Con an end, its effect can be eliminated 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 &y sorting theminto OK works and NG
works, it is alternatively possible to divide themnore finely into ranks.
Al so, although according to this enbodiment, the neasuring unit 10 is

equi ppednwltlmngadqwiastraamrdylgdo thisiembedizent 1|gqm1ppddemt12@plurahty of tetar nat i vel y

possi bl e to praov y e neas 0, However nstalling a
pl ural i £%¢ Wf“%tt?{ bﬂ’eaé‘gt?:u qgh%meé:gtj%tegs &ybliql? aﬁ}ﬂ’% a1y HBCTQWE%@/ rfilﬁe?nl s
POSSi bl QafibrafPAmUNORs W A laitbd e MBAskidW ef ficiently. Next, description
will be given of a second enbodi ment of the method and device for neasuring

| nner di amet efFitgl, theigansfer saboide kakesithearark Yy ta be mhaasu}:ﬂde@énf thiefgesking wmt 12I'h| S
| n fshd m?xgﬁ tr%R ot ”tstg ﬁga%gfs'{mﬁglxhl? 'i@t A JERARY A eggo ﬁ{ rg@&gﬁﬁ&”@%ﬁ

ove escr I nher Iane nmeasurin

above, 4§ delivetddeandtichind thetheshRring €able020. measur i ng | nner di aneter dinension
of works accordi}}rﬁl&ito the"?resent i nvention take non-contact neasurenents,
g‘ﬁr"YQﬁ

it is useful iR 19€ 1§ the saseithibe bpldingRfiths magtersM deseeibad abrveer
works.  HRGYAL W Rindehes tﬂ@%ﬂEﬁ&E o100 b7 M bR ARESEIGE o STl | e

it becones nore t to sters In°this ment ,
descr i ptpressingiring 26es grc\smd towa the meaxhiring tabiabodyr 24 byihe tpi'assmg devri:a:(m)tret ers

22 usin master whi ch ve sQme unceptaintie First it
s Er o SPTR-cCopsAe RN BN R TR S B Sabeezen by aparessing hig 26 dte Sork

assuni nglvtlbﬁéldfoh‘%hé’ﬂéi%%nhg tdbfe i@%@ﬁig%ﬁpﬁécﬁbﬁth% qie%dPretaidih} Hilg 2BNEAL the
diameter, a plurality of masters M wh have urcertainti oR the order of

0.5 um asp@epmepMP begvepnahaewpikoWaand grork rregivingshaleds LSrSieaigdt he back
pressures of tog, xPJhE%rkagfI {&f&%rﬁea%d@]&&e%"t e MQ&%E ncg)rcl}e{tgds and

cal cul ating an appropriate ressure characterrs F om uf énent

resul ts andicogptessed siewhosepuasses 1mjﬁmﬂ tolbe dofistant\b3\the ilgu]!aﬁir@mhﬁiuppﬁediftb
opti mum val ue Rl,jl)il ng a pl ura ity of naarspieeis V\/m ch have sone uncertal nties

and!% sttBe pEsY feaéleﬂrﬁ(lﬂfé S epsuLing £ Quiathe A ravenendod Thet i s

possi bl
p0551 1 ke SkGuAREN (0 aTRERNY SURALET0 6 RIS L pRL It e

opt i mumiusdrperipkerpof theiwark 4 t Bhet baek pecasiire o) tharcempnassddoir. is ‘datect@d by the
Z;agilz'; 2&? (éngg}geg"lsélg ao\‘}ﬁﬁ%h%\s’% el,lgct%ngal Isﬂg%ﬂg itﬁ]egconprgﬁer 4\gn| ch involve taking
The controller 46 calculates the inner diameter dimension d of the work W according

20 to the electrical signal from the A/E converter 44, That is, it calculates the inner diameter
dimension d of the work W from the calculated back pressure according to the back pressure
characteristic determined in advance. The calculated inner diameter dimension d is displayed
on the monitor 46A installed on the controller 46 and is stored as data in the memory (not
shown) installed in the controller.

25 This ends the inner diameter dimension measurement of one work W. When the
measurement is finished, the operation of the air source 40 stops and the measuring table 20
releases the work W.  That is, the pressing ring 26 is freed from being pressed by the pressing
device (not shown) and from being clamped by the retaining ring 28 to unlock the work W.
The unlocked work is removed from the measuring table 20 and transported to the recovery

30 unit 14 by the transfer robot 54.

Since the recovery unit 14 is equipped with the OK item recovery table 50A for

housing OK works and NG item recovery table 50B for housing NG works, the recovered

work W is stored in either the OK item recovery table S0A or NG item recovery table S0B



11 These masters Mare stored in the master storage table 52 of the master
storage unit 16 and transported 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 inveQtion. 5 Wth the inner dianeter
nmeasuri ng device of the above enbodinents, the masters M stored in the
master storage unit 16 are transported to the measuring tables 20 by the
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table 2 : i S ' : 24,
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pressing rjing 26, Th i.r suppl.y, channel s 30, 30, and.30 of measuri ng
abitos poingewoRtsatks 3 arSubRLs SR AT soctrrie Bt g 20k tnd sac
respect is& ¥ wafdd ol gkeUpAHOE Badhi Witk wifidh fifidids beng nidsured e TRRRRKESH to a
switching unit” 86. The switching unit 86 is supplied with conpressed air

f r om t h@oggible inoperate e wangfer webot & gfficientlyscliminating waiting timetfer mgasuggaepnts,
supplie e i ively to the branch pipe 84A, 84B, or
84C. | nag{l ﬂglrs(é\j\&ﬁoﬁrg\; s%ﬁgﬁgﬂg\%ﬁstﬁgﬁfe%g' unit 86 selectively switches the
destinati on ofin thiewagniy asadiameter mugsnling devicoaocbiting?d this embodinesat 40. Thi s
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The controller 46 stores the_bac;ai?ress_ure data of the zero calibration
mast er Mseofd pumeasuriag therinndraldamdter-dimensions| of ilong thin werks sudhrasdenmdess i.evhen t he

zero calibration.mgster M has .been .neasured, . t.he air supply.is opped. 15
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calibration nmaster neasuring table 82. In this state, the air source 40 is
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master neasuring table 82 is discharged after passing through the inner
peri phery of the magnification calibration naster Mand the back pressure
of the conpressed air is detected by the A/E converter 44. The detected
val ue of the back pressure is output as an electrical signal to the
controller 46. The controller 46 store$0the back pressure data of the
magni fication 25 calibration master Moutputted as an electrical signal in
the built-in menory. This ends the neasurenments of the zero calibration
mast er Mtemal ¢hagder € onian end,dtsl effioctaan ba eliveinated avid stible meastiremientsrcad be
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its3pip takegicufte mBadubEnoms, keduein@ithd eigechof e ddcerthiitieg agntiinedmcthdelavern t he
work Wand work receiving hole 5 34 is sealed by the retaining ring 28.

Thus, if the wbrmethpd foyaneqsuring the pptimpmealiers 8ofdpnitastoftholepsiisquasesppl y
channel gl | I ‘ A i : I 0 l. oher air
may | eakr?lg trh %ﬁ b\e@-?megﬁ&[?iﬁ%cam\réﬁ?{l easnaéé %‘pgbl\régﬁc:%?&é\ﬁ%gmﬁ%ﬁgﬁgi%d? eet?lgi]n ngré
when t heavsgagé ofhieasdred daltes. t he measuring table 20, it is checked for air

| eaks as follows to nmake sure that it is held securely on the neasuring
table 20. First, when the work Wis held to the neasuring table 20, the
notor 94 is operated and the arm 96 swings fromthe waiting position to the
seal ing position. Consequently, the pad 98 attached to the tip of the arm
96 cones into contact with the upper end face of the work Wheld on the

o a1 o ~N 2 o Y b1 B Y a1 I




"channel 30 of the neasuring table 20. The back pressure of the conpressed
air is detected by the AJE converter 44 and output as an electrical signal
to the controller 46. The controller 46 checks for air |eaks 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 |eaks fromthe
nmeasuring tabl e 20 which hol ds the work W Wen the checking is finished,
air supply st dpese masteradt e s@ed in thpmasicrsioragaiahle Xrf thdumagemst@6ge eitir ns t o

h d l | k |
reasur eteAPG BATEONER one by ook Tus B PhE P R vobp s ibor 3 s "
det ermi ned t hiNlext, A8dcBipAbEwl be ki8I 61 a YA SoRini¥rt Df IHR!HeRREMMd cféwc%lf&l cally,

the transfer robot 54 pICkS up the work Wand holds it again to the
measur i Mgasubigdneey diameser, dimensiorekyorks acesnding taithe presenignyegtiohe sane

Phe Sneasur emenntr e apish dlalpel € Bt 9 WA tmboifigrE Ge b i ng
i s i ssug@rddtinghe mhdter Werapd oelt 16 aldittRbRYRd 10 thetms R Bles é@b\zme tangfef zer 30

i s sounded). Consequently, the operator perforns a |ntena e operation
and the@‘?%é“é‘éé%’:b&tﬁélet%f WEOTRIETSi2Ag. This emiiodimens proyiides @ method foner

di amet el RATH ﬂ#ggﬁeqﬁ\ﬁ‘fo%t@rg 99 nBEk: dthshiife GIERRANGIERE TcBdbRPeLath the

alr-leak chec anism It ca e W ong neasurenen

caused lfigr the calibeation mechanismghe cohfigiratiarcefithBteenbotiisdant &he kane dsthe timet al |y,
an alr-leak check i;s made each tine a neasurenent is_taken, including

nmea¥ur etﬁi@r’i?eéerqusﬂ’éngr@f‘é’t‘@r%fmﬁa‘NV%GmbS?lWEFgﬁ“da@EbroéﬂmeF%‘lt{ri‘ﬁ‘@‘ enbodi nent ,
t he Sealrﬁé@ﬂaxﬁgﬁi'vﬁﬁb%geg;c?lb@{l]h@rﬁhed to the neasuring table 20, nmechanisns f or

seal i ng the upper en e i nner periphery of the work or master are not
limted to thiFsg. 4ApA b@kmmmsmngthmhhmlsmmmml nAs stidvadinghe t he

transfer, rabot in aani cording to
s emSEtT e 22 A BER L Biring B B0 e ISR AP RGRRGIE o
the secaoncsait table’d aesrinodilo®idas tasmyBllin@ebl@0t 0 ThBelovaBbratbRRber
nmeasuri ng device of the first enbodi nent. Next, description will be given

of ¥ fi ﬂmswmblﬁéﬁtanéﬁmtgn@%wmﬁalbémnm% @e@wﬂ%é@lzla BZHave HAGME| anet er
di mensi %ng% urdRSKS RER |ng gtéb@ b6e PLRSeRh lo&ﬁ?édn%sFr@E xﬁeﬁ&ﬁ{n g@e@t er

measuring device accor hi's embodi ment ers fromt
di amet ebodpad pressingiing 26e rashiningering 285 andeprossiiigdavicei (nottshawn), twhiege ther t her

equi pped with a chani.sm.fo spectin nd faces of works for
ettt Sad By H ERRRERELS BB HaHeLoed iR Mishiios GnE RG ‘sane as. t he

i nner di anet erTh%ﬁ%Uf)ﬁlggthxﬁ\‘élsCﬁ) b, dn80fdf kisd meARAAE MBRE 206R%; ahd g8 adboOVe,

and thus, only the nmechanismfor end-face flaw i nspection will be described

her? Ficgnn@tadswish bxangh pipeis ¥k, &8s anddGrespeetivebias Ul thg bransh @ipes 844ui pped
W L an 0] fEc 20 hau ke Arn00u Toe 990(AGT,LAMSR ARG D Uses

a CCD carrer’a

measur i Rgnipéddk&l aaﬂfromrtde hin S@ﬁ@é 40 waehefe@ulfaam azaﬁd TAI?iE cmektef &t aiid ﬁl\pﬁhes
according to the resulting (g canera 102
i s i nst 4N eempnsssed atrﬁeleﬁ%\éﬁwq @bfaaﬁlr Ripo @4A+ §417"s°r§d§r pb‘bathﬁ ‘{"Wdéﬁ AF | ens

Shown) , e eI RRIeH oot B o3 e G Ry PO ™
t abb®e 2Gir source 40. This switching is performed according to a drive signal from the control unit
70.
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



Then, images of the end face of the work Wis magnified by the AF |l ens unit
104 and picked up by a CCD contained in the CCD canera 102. The inmage data
of the end face of the work Wshot by the CCD canera 102 is output to an
I mage processing unit 106, which then processes the inmage data to inspect
the end face 30 of the work for flaws. 12ncidentally, the CCD camera 102 is
noved between a waiting position and neasuring position by a robot (not
shown). It is usually located at a retracted position (the waiting
posi t i osplibrakgn mesen Mitangpertedto the medsheing Onin helisrdslivered endibad 0 thee neasuri ng
tabl e | v for. Il aw i nspecti an. e inner dianeter neasuring device
wth thér}}l S%Bgfg’é‘ﬁg%%%‘%bg{}%Oé‘t'ﬁ%sﬁ“é’é’%gW%tg"‘F§Ethi s enbodi nent operates gs

foll ows. Vhen Wik the ktastérs die heldoaRes iader BedshiingRBRY 80 AAd 8D the 4iP sbitcd he
transfer robot 54 and held on the neasuring table 20, its inner dianeter

di nensi @A is eperetad. and gomprasspdiaiewhoss PEvsse 4S dhustetbtodssoastanthy dheregulatorvhen
the d di ' i d, the CCD
caner o 704° PEREELo b SERGHRZ L 86 VR HETE ARReD R o KT ng' posi i on by

the robot (notHesd)ehoywitchirgrunit 8% i€Chbhrated na thkQG2rowibation mMdier ARasutngng
position, the AF lens unit 104 is lo drjven and focused on the end face of

t he wor Kablg R@iaad she ¢qreprpssed air isypphssd © theyzerg galiprationggasierdneaswangtgple8e e of
t he wor ' | fi | eSS Dl

cont ai n?&gfcgip E%gégég %gﬁgéf(%for}g%ﬁ%ﬁ?@ﬁ%%ﬁe&a%%ng@q?ﬁ%&gﬁgs%gg{eg&(l)?gﬁg wor k
W shot laftet passi@gihroagietha ir@P perspheey pithe zeroaalibmbgrempstecsaidribe batkt 106,
whi ch then processes the jmage, data .to, i ect the, end_ face 15 of t wor k
o B bt D8 Fs ook T R et oy tng, ATE Bettei s e oo yblug oL e
and the beSiPpresdiis & oh%t hEANEIB&TIEA sidnal t06@hd EdiiroRes4d. i %e_c'BH@ol?é?%%td@ésOC €Sses
conplete the inner dianeter neasurenents of the work Wincluding the

end- f ac éh¢ bagl pressys datac therzese calibratiopgpastan/ N ouipstted as aveledriedh signalds vhe y
unit 20 L bei orted according to the results of the inner dianeter
measur erlr)é?ll% lsrp@hfgl?{?fil ng the results of the end-face flaw inspection. In

ot hEr wor ds, tvlvgbenmhe ketd/cabradonuastedM sibeen measusddf thedin supplyas stbpgedan OK
work or NG work. . In this y, the ipner dianeter neasuring device according
to thi s BRBIaP FEHEDRG NI ﬁé’_gwheﬁﬁ_ée%%en#% thsrcopppresse %H"gff)lné%_z‘ffﬁ addi ti on
Lo _nor meliBaasH ke intadfink UbE! SOUOARE hn Rafbir ENBHA0E mall mofuriil Aies (he
need to inspect the end fates for flaws separately, and thus I nproves the
ef ficierf@y di thipstitepthodirsource 40 iscapietated agairs iand pompregsed airtwhmse pressiirg is

enbodi ”Ea%}us%'&' t§ bie @ggs?fntt %y rtlpeereglﬂgto]; % s%];)pltiergetovt\ﬁer skwi];c%ng 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



"flaws according to i mage data of the end face of the work Wshot by the
CCD, it is also possible to determ ne the outside dianeter size of the work
W inner dianeter dinmension at its 30 end face, eccentricity between the
outside dianeter and inner dianeter dinension, etc. through i mge
processi ng according to the i nage datal3 Al so, the end-face flaw detector
100 according to this enbodi nent can be applied to the inner dianeter
nmeasuri ng device of the second to fourth enbodinents as well as to the 17
i nner diswitehiag unit 86 ghanggs e vénnectin firére thid magnifedtiodicaibration MEXISTIREALring
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t ake NeasykemMBAYuSing bfe 2d10rt tinme. Also, it can make device conpact because
it does not need a mechanismfor rotating the works. Furthernore, it always
gi ves accur at & thigiway, slid calibetion meshanism gccordiag kothis grebddiensimakeeitbecause

roadur ROP R PR Rl bk Rl St simp b S Al SR i T | cal

wor Kk,  Ceombtessedtiil heasibapisnoOhcedso B%Mif@ﬁleﬂwﬂbﬁsagdoahﬁnthﬁl Béashtaent

peri phery of a cylindrical nmaster ose inner dianeter dinension is known,
det ect i AECUrASY, piktke srlibyatignemechanispypfithis gmbadisnans eanpyriormy salibrgren iy 4 short
char act %Héﬁég&%s\é‘?d {;d%s &Slpﬁe%ﬁ e Litnge ﬁgk@fs' MNShR &ﬁ&%@i&s&@@ o He'aﬁée il BRE €7
di mensi on an hé back pressure; “and supplying conpréessed air to an | nner
per i pherspembnichébrations greatlyanduimprave procdssimréfficigneyt s back pressure, and

t her eby neasu r di ameter,  dinmensjon of the work according 1o to

i n he in :
t helback pr esﬁ_ﬂh% t@ﬁm}&ﬁgm bermeasuzsd isrehangsth &9 atgi thneare CaliREAAN PAYCTEt hod as
def i ned ahd nfiefifithtion NBEAioh rhddfer WP whidhar nfdfinHoh el el brd i Ghastbr aITEt €1

15 3. The inner diameter neasuring nethod as defined in claim1l 2,

wher ei n negaswing tabim3Pand enagnificadorbeatibrasion grastes mepsnrngtable 82 ascordingly. cul at ed
by a statisti t ke S| it S | v

ancer s ai nt  es eyt GRSEHB A itiBE B 0P K kOBt RS B eSO

i nner dingusiirgig héRlighelr dilnedsion of Woikddttaraingwo the, presenfinvéitiog: a wor k
hol di ng devi ce_which holds a work or a naster whqQse jnner dianeter

di m¥nsion is KRGWCT dRmefer RsHIng drpriseaecarAing o Supempeiimertifes dom ter to
an i nner, Re i BRI MUl dREof 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 96 is 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.



or master held by the work hol di ng device; 25 a back pressure detecting
devi ce which detects back pressure of the conpressed air supplied by the
air supply device to the inner periphery of the work or naster; a back
pressure characteristic cal culating device which cal cul ates a back pressure
characteristic which represents a rel at4 onshi p between the inner dianeter

di mensi on and back pressure according to a detected value of the back
pressure of the naster detected by the back 30 pressure detecting device;
and an inner UhewetkeW wansporkeak to e wieasuteg whit ¢0 by ecrdnafee sobioh 84 istedd on

di anet e, di nensi on, of. the work fromthe back pressure of the work detected
by the &easyx&gs@pl%@et ecting device, 19 according to the back pressure

characteri sti gg déscribb®atdVeethe otk R'heltPAPthe sy tille 20 Wélﬁlf ii:Tsfﬁfii_nkatea' ai m
e

4, wherein the work is 0.05 nmto 1 nmin inner dianeter. 6. e i nner

di anet ein the ok resgivinghate34s Hherfgapdernad hetwgan the worleW dngrworkreesiving heleng: a
master L di e ' hglds the master; and a sw tching device which
sel écti \E/gfsysegl%dtg%ﬂéesr%f%hggg ? ation of the conpressed air supplied by the

air supply deVhesifahé wegnw Recliseburbis] the it shpyslieddrdm bielsappg cltemelc3d wid t he
master held by the master holding device. 10 7. The inner dianeter

neasur i Ret ledyi doveryerdf tha ek W isinet held propegly, adr map lgak ifiom brtwgesy the mgiti ng
devi ce W%cﬁﬁvofﬂ%cé‘{?ﬁg?xﬁlehﬁ.di ng devi ce conprises: a holding device body in

whi ch a work recervin oleis forned to insert the work or naster al ong an
axi s; 15 an eThstforglwhendid workaWl ie heldttaithe mepsnrimg)tablei 20 itiischenkdddfol ed at an

openi ng,of the work receivi hol e .and t hrough which th rk or master is
"RaB { airaknas USSR K g bR Serutst 88 e gheRsis BRI AEh o' capabl e of
going in and et Rhed e Wik W AOhEW tﬁ@nﬁﬁﬁbﬁntgﬁﬂlﬁgg@, th‘gﬁlofcﬁ@a'i@g[g@atéd ng and

whi ch presses the retaining ring against the holding device body and
t her eby andthe@smiMeswirgsiom the waiting pesilder orthe sealing peuationy Lfmsequanthathe it s

i di ’ : ' | h | i.Gh i ' dwth th
work BB o8 AlARE (o &R B S Ml IeRiotns B0 Mipeatifit e RoBRERY HEZE G Wikl o
wher ei n wahél@rontthe measuking tabiB30 & sehisthe DPEYrted of thetimeer poripheieofthy wagk Wol e

through the retaining ri ng .the inner diameter neasuri r&&ﬂdevi,ce cl anps and
f asiSens It fés Buiedhe siisouee 40 is nsEteiAand coMPRessedhair issuppliedip the 3Pl ng hol e

Wi th t hepdiaefo PEhE E%ﬁ%t%m%{t%ﬁl@ 90 ST ﬁcﬂ%éésglﬂ‘g oR i Bmpr&alFaif A&leRBRAIKYY Of

t he work recelving t he retalni ring by préssing the retaining
ring w tie Affiecquverteriddnd eutpoie anandelecniedl signalte theecamtnollenpt6: i Adetcontealler #act

Lf Zi %ngecflefc%lp ?(Pr}e tre]rg?)lﬁ%.cpérrpﬁg 0 back grie?srﬂ?é glgtpgt‘?eadsa%rtiler] gleg?l\éziilcs‘iegn%ls. %Ef)]:eé:i%%glyi, :
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. Ifitis
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 bl ocki ng devi ce which bl ocks an open end of the work held by the work
hol ding 30 device and/or the master held by the nmaster hol ding device; and
an air | eak detecting device which detects | eakage of air supplied to the
wor k receiving hole of the work hol ding device according to the detected
val ue of the back pressure of the workl3letected by the back pressure
detecting device and/or detecting |eakage of air 20 supplied to the work
recei ving hole of the nmaster hol ding device according to the detected val ue
of the B&sRd by afdeaks apd always abisinaaccerateaueasurenientshe back pr essure det ecting
device. 9. Th dj S 4.5 6,
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intg 1o | by
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devi ce @snuister aredot imitediiothis, For xample,8uch a feclanigmr may bg imstgtledoalkthd y of

t he work ho di gg{eﬁg‘gvi ces and back pressure detecting devices. 15 11. The

i nner di'3 uring device as defined in claim4, 5, 6, 7, 8 9 or 10,
further cormrlmlags ¥ hit- réaﬁehwkﬁ}gqﬂeeﬁ%ﬁ@acmﬂ gtmrﬁ!sanymlﬁene GG of an
end face of the work held by the work vice; and 20 a flaw
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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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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 1is 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



10z9109%&' () - @10%&' () - L10%& ()- sl 109& ()-#10%&' ()-9: 10%& () - 77>888QV9dELC
10z$109& () -, #nmt 10%& ()- !s10%&' ()- #10%& ()-s$109&' ()- 10%& ()-99Q :;c;

. dEbC 10z. 10%& () -, @109%&' () - &F+Z" 109&' ()-S) YL0%' ()- (S109%& ()-y&$10%& ()-:
: 9<<<S==dEbC 10z9@B! 109& () - 6Z9%A0% () - &53"10%&' () - & 3z#10%&' () - &1 @

109&' ()-s0109%&' ()-=>)>*>+>, > >>?bC 10z3#10%&' ()-&10%& ()- fs10%& ()- 10 10
109; 10% () - 99#10%& () - ?@EBN@BHIEDC 10zM 10%. () -

#109& ()-y" 10%& ()-s10%&' ()-S10%& ) 910% () - YASBBB. CCCdEbC

10z sy &1 Goger diameteyogeasyring) &'e(gfﬂ@ shgmpgdipenty o () v 109& () -
CCC1DDDDFAEDC 10z' @ 10%& () - Z° S&10%&' () - $s109%& () -

18% 81}‘1 T0Y% I&%Ag%%%’i?g‘ EE@EWEH(F? E&/n(l)g&l?%’ S0109%&' () - HHHXI | | @qJxY: /

1010% & () - f " 100de8tr{hed labd Oyt ;(r?sent ihOemiin(chn michire G 1(1ileryi$aﬂlﬂ&’¢r8d1(n)enmd]0qJ J
(KOLLag ) A0100es (o8 HO%E () 19a00e () L0 ():F 10088 ()-h
3" 10 & ) n%lké ge/‘zlé‘c éém %Qc@a&se(ll d&ésjlﬁ%ﬁ&d@ mPOEHSSPRA&IHg the works.

10. Mp10% & ) - &Y+s!

(f#10% &’u@t)mexywim/a]&)a@ glm&m&tq gnd%@(plﬂmm@qfnts over a long period of use

1099! 10??%% SSlO%a%rég IglO‘V @{9 853" 10%2 & () - &s3! 10% & () - &90S#10% & ()
- RQBRSS JRcontagfcasymenis ComoL CABHWEA ) _ 1t s- &109& () -fSL109& ()- 10z
10z 10z9;!10%& ()-WKYZ[;\ M }[9~\: 10! R1%40%& () -

1j (9409%41& ()-! (%09 ()-sSmPAO0%R ()-!}ssnid0%terte& ()-Lz109%& ()- M AAAAA
uV7 10L10%& ()-L!10%& ()-s!10%& ()-S10%& ()- 10(( 10((

10(('nl%0% (& ()- _Y q " a}aadEuVvy

10Lz10% & () - S#10% & () -3l 10%& ()- 10%& () -

y10% & ()-S! 10% & () - abobbbGccdEuV7 10L

"10% & ()-s-#10%& ()-10%& ()- 9F10%& ()-MLO%& ()- 10%& ()-cc;

d[ dddFedEuV7



10Ls)
10%2 & ()-&(10%& ()-f&Md0%& ()-$10%& ()- @&10% & ()-!10%& ()-FeeeH ff/g
dEuV7 10L 310% & ()-91nm0%& ()-&&0"10% & ()-. $10%& () - & mo%& () - &F+
10% &' ()-/9gggChhhhhhdYNC 10L 10z 10z 10z9;
10%2&' ()-99"10% & ()- @10% & ()-64940%& ()-95-#10%& ()-hhji jKkE GreX6YNC
10! M9 0%&' ()-4! XxSUWO0N[& ()-4! ~s%U0% ()-4!'yRsSUO0%&R' ()-4!>s%0%n& ()-4@o
%' ()-Gmp' g& r GWI3YNC
1! RSYLO0YBSE () - 4! sSSYAO0YNNE' () - 4! I—ls‘%i@ﬁKNMS() 4 ns%d 0%k’ () -4!s%d0%& ()-4!s
% 0%##&' () - 4A@AsBsCsFsss%t xY: 1!1"10%& (

1500 ()1 O E e R ﬁﬁﬂ%&é@?&lﬁﬁ%@é@% iR L

dExY: 1kylindrical work, comprising the steps of:
"10% & () - sS#lOO s10% &', ()-9910% &, ()-"10%& ().-F"10%& ()-gxxyy3zz{d
BxY: 11!, $10949% lelé &Wﬂrfé%‘&“(%) ap anneg periptiery ofgyayingdical yuagiep whoseinaer ) - y &

"10% &

| L% g S Yngnp, detcng s bk b, an ety sl pice e
)-}}~~ presgure Bb@dtbﬂisitél\ﬁl%:lﬁ &ptgsentt @ val8lignshiphetadn(the inhBrdiddeted dimension
0%& ()-991Q% @é% B’? WMBb@ 1! 0LYA0%##& () - | nLOAO0%& ()- |} LYA0%& ()-
ILL(V&O%E“% é‘ S lyy%iO%&' ()- Aj kl mprS1 ! pQ 9% 0%&' () - 10%&' ()-

1022 10zz 10z %hﬁﬁﬁ %Q&’%gf%séeh At tb@ﬁlﬂhé& sl Work WBGhGkulel, dd@BHAY
& () - s&YL0% & ( O40%& ()-F D 0A00% <. <& ( -'~M°/<100/&'()-1 %4 00%' ()-w
z X6r S1 lits bggc gx@gm‘re( pnd t@g&)z&ron@axunng the inner dlameter dlmensmn of the work accordlng

i g g 10 1012 1 G

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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work held by the work holding device and the master held by the master holding device.

10
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 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 or 9, comprising

a plurality of the work holding devices and back pressure detecting 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.



