; e3e4R6, Tkx N | DE DI AMETER MEASURI NG METHOD AND APPARATUS BACKGROUND OF
+ THE | \\\mm\\\ of the Invention The present invention rel

i nsi de Q@W asuring nethod and apparatus. More particul mmmﬂﬂ @m
rel ates to .gwoi2nsi degdi anmet er neasuri ng net hod and appar at us

an inside dianeter of a minute cylindrical work such as ferrul e afo
injection. Description of the Related Art Wien the inside dianeter of a

m nute cylindrical work such as a ferrule is measured, neasurenent has so
far been nmade by inserting a pin gage of a predeterm ned size into the 1o
i nner peri pher ENSEDE DOAMETHR MEASURINGoMETHODANIXAPRERATESent . | n
t he nmeasurenent using the pin gage, however, it is necessary for the
nmeasurer to manual |y make neasurenent one work after another, which

presents a drawback of requiBACKGROUND @bGHE INVENTIONe conventi onal
measuri ng met hod has a drawback of poor accuracy because of manual

oper ati on. 5ld |nventor has proposed a nethod in which conpressed air is
suppl i ed inﬁ@—-t%lgg’—r%ﬁ&é—'berl pheral portion of work, and a change of back
pressure is det edhegrebent B‘Ear&ld)heelhtbﬁoiaﬂ&isdieddhﬂt’mhﬁiisuﬁﬁg iethkd andappapanese
Pat ent pljcation . .2001-40669 r.respondi n ternati onal Patent

Appl i cat P onMRE PR pALFES S50 i eC‘Ha[Rﬁ megpu ﬁé“emo nql pRPAFIUS e ¢

i nvention WagasiBsian iAHde dl&t’_ﬂétbtﬁﬂ@dmntﬁ@&ylﬂtlﬁglal waikl syctayqevtule amtinRewdngned to
the sane assignee to 20 which the present invention was subject to an

obligation Qf assi ’ﬁ . This nmethod has an advantage that because

conpr essed MMi ed to the work, neasurenent can be nade in a
short period of twha, thamsidahﬁmedae@fauﬁlautet:ylnﬂnma/rork skl fer@RSUme®IRE, can
al ways be made even after |ong-termuse. Wien nmany works are measur ed at

one tinme usMRGUEMENLIEILIARSE Magde By HEtHRAR Pl@gamﬁe\weteﬁwn?%%ﬁwae}w wor ks

have varjpat hﬂ@rﬁaeh&érzﬁ@%ﬁn ofjdhéff\@fk%}'ta &&%K mbﬂﬁlﬁwrﬁ&s@éxﬂerﬁetﬁﬁh@d even if
t he works have the sanme inside dianeter, As a result, there arises a

dr awback of MGBNICHENGHNEIthe Bip §285r kavayen s necsspamiiRy thomeppzer ‘R yRNAllpRIh o
present i nvegRhdRMehAshe RRBNARE BhRNRAvHidh prhRHYs @ firabBEckaN QM RirfigtiMRh 180:. and
accordingly an object thereof is to provide an inside dlaneter nmeasuri ng
net hod and ApPehatycriiopalpnaesyms mekhoddastdayback ohpees aremehbecayserd! praygl

|l ength of whpdearipdr i €s. To attain the above object, the present invention is
directed to an inside dianeter neasuring nethod of measuring an inside

di anet erlSof a cylThedrvea®r hasdrapopad adugihadjin wéich sampEssse air iisppalicd itole end of
the work ang By eﬂSﬂ&ﬂ?bH@n%h@oﬁa&}ﬁ a@hﬁ%f%%f@acﬁfpre%ﬂﬁe s QBBEESDGHkafirt theWNET €1 N
a correction a unt of neasured val ue the inside dianeter according to
the | ength dsidediamgisr RT Werkobtiananesd Phiantaepphieptien By. A 4PAYMorrgspandingitege of
measur ed v alen BlonHechl1EhdlRadth AP bETIPOL Mok 10a@nEHANGE pREent €NGL N Of
t he work, V\hﬁelg%ﬁfnélhetehea%lﬁrgginva | ue / (Ee ?ﬁgﬁﬁwdﬂ ‘gmater ?ls coernr ected
accordi ng t &VeRon| v gade. apt pubbshgdmet pttbéjCﬂménpwwe@n@SSigwietntﬂi\mmgssansroto

di rect edyt wal’ﬁkh'tl%ﬂr&%nt%fbﬂﬁér%as@ﬁ%éé{rté NorBR RN A i ‘Mﬁ'eﬁtb‘ MBASHERS A8 2k NS de
di aneter of a cylindrical work by "suppl yi ng corrpresse air fromone end of
the work and@dyptagethaidieravge eonpaeskedirds Sigrely ypplic éo B8 woFle sisagiragant can be

conpri sing: a4k GNGHBr E&%Wf hifg, H8Yis6 BT ndBRRUSSTe RedsBRAER A alilf Wor K;

a storage device whic tores a correction anount of measured val ue” of the
i nsi de di amb &rdevenpirienetem e | engt h of the i5 work; and a correcting
devi ce whi Ch COT I G SmanyTeRYAEShohHIAEofY RIS o athlhe M&a%ﬁﬁq on the

| engt h of the work rre%lsﬁﬂﬁby tﬁe eng? tmsasf‘u |tnga gev?ce and the
correcti¥n Aawenst, 1fsm@médal|wvrltsﬁevmmaw@ inlengtiealiffosent baaki pnggsures arpdetgptads ent
invention, t0g; @%ﬁ?gfﬁa ?x%é’& findid&iddietdrd€ alh AUTRE Rerd Fiske J&r? Ghif oficcording
to the Iength o t he mor taining a correction anount neasured 20
val ue of theranawndmmhaangt‘elﬂueaccor ding to the length of the work in
advance. Thereby, accurate neasurenent can be nmade even in the case where a

plurality of works having a varied |length are neasured. BRI EF DESCRI PTI ON
OF THE DRAW NGS SUMMARY OF THE INVENTION

The present invention has been achieved in view of the above situation, and



The nature of this invention, as well as other objects and advant ages
thereof, will be 2s explained in the followwng with reference to the
acconpanyi ng drawi ngs, in which |like reference characters designate the
sanme or simlar parts throughout the figures and wherein: Fig. 1 is a
general configuration view show ng one enbodi nent of an inside dianeter
measuring apparatus in accordance with the present invention; Fig. 2 is a
schematic view showi ng a configuration of a conveyance section; 30 Fig. 3
is a schematic view showing a configuration of a | ength measuring section;
Fig. 4 is acsatiagitahobjettehirsiiowb p@vile anikidg diaaicico meadfuriagimethsd aiel apparaws er

measuring 3 section; Figs. 5(a) and 5(h) ar ectional views show ng a
confi gur at icdﬂabiefOfénﬁ(ffgﬁsaﬁ'fqg?{@“@%%{%?&emﬁvﬁé f é l?n§s‘a°%§vc9ﬁlé‘fﬂ’te?‘c vi ew showi ng

anot heL enbodi rrerrtﬁ afin ﬁlg |a§6b§tobjeﬁiﬁ$18 pfeisé’i@ixﬂﬁnﬂoﬁesf difeckeil gadanﬁniise dagabermat i c

vi ew showi ng anot her embodi nrent of a Length measurjng ice; Fig. 8is a
schemati c VIERPERINGHRRY L mmepfurigp an gl eé‘ﬁ‘&%‘ﬂf WBBC{“"Q ‘V%rﬁé@' ﬁ”ﬂ?éyé%‘-’gri ng

devi ce; andohipgbssed air$roth SRGhi 61 dBE w¥ikad 51 avkdgg the®RBM prgdsirtorar of a work.
to DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Preferred enbodi nents
of an i nsi dOMPFAMREAET WHRERSE 8 COTRSUPRATIRIAL ehiBraapphr i haindtedrdgfce with the
present i nVRRLHR td\hb lengﬂ‘»]‘@fﬁ{% wigeRbbRREd Inhddgicabl abdlinih el BQBCEr O the
acconpanying drawings. Fig. 1 is a general configuration view show ng one
embodi ment ®fasuied V8¢ efdhgingidediameter Withisgpeahtp A ghangp af langik of the sedowheade wit h
t he present,] I Lhsida: di ki this
embod ront 5 EEREye fftn. I5lag G R e SRS A AR BB St e,
measur erént sect ilbapent mvertiooisslsp diregsed oran iigjdealiametar ercasiriog agaratusct i on 20,
and a contrgj. I ] g Thi: SRS i - i par at us
0 meacur es PHE HFsuRRab B8k SURMRsor s Dlifer OUSIEL L RRBHAT o AR HAEPS ¥ 0
wor kW ac c oomtiend) of the vk amd &g detectimp b backquiesbure dhibe womppreddéd air, bempredrgrined i s a

ferrule, an optical .conpnectqr part. The ferrul as_.a _nnute |.i ndri cal
chape, Tor SRR REIRRE Hieriibbnmal Grafh ot Tt gt A% 0 B0

di anet er d afrreionl adfwunimf neadhral vake @f the insale diathersmaasrdidpoahd lengeh of.th®. The
feed section }(_2 feeds the wark W. This feed s%ct .0N.12 iS _ provi ]c(igd L){vith a
parts 5 ~work; and a correcting device which corrects a measured inside diameter of the work based on

the length of the work measured by the length measuring device and the correction amount

stored in the storage device.

According to the present invention, the measured value of the inside diameter is
corrected according to the length of the work by obtaining a correction amount of measured
20  value of the inside diameter according to the length of the work in advance. Thereby,

accurate measurement can be made even in the case where a plurality of works having a varied

length are measured.

BRIEF DESCRIPTION OF THE DRAWINGS

The nature of this invention, as well as other objects and advantages thereof, will be
25  explained in the following with reference to the accompanying drawings, in which like
reference characters designate the same or similar parts throughout the figures and wherein:
Fig. 1 is a general configuration view showing one embodiment of an inside diameter
measuring apparatus in accordance with the present invention;
Fig. 2 is a schematic view showing a configuration of a conveyance section;
30 Fig. 3 is a schematic view showing a configuration of a length measuring section;

Fig. 4 is a schematic view showing a configuration of an inside diameter measuring



z5 feeder 22. The parts feeder 22 feeds many works Wstored in a stocker
i ncorporated therein one after another through a feed port 26 in a state in
whi ch the works Ware arranged in one direction. The conveyance section 14
_ conveys the work Wfed fromthe parts feeder 22 to the nmeasurenent section
16, and conveys the work W havi ng been nmeasured by the neasurenent 30
section 16 to the recovery section 18. As shown in Figs. 1 and 2, this
conveyance section 14 includes a conveyor 40, a direction changing device
42, and a transfer robot 44. 4 The conveyor 40 horizontally conveys the
work Wfed gehtiomyigh the feed port 26 of the parts feeder 22 to the direction
changi ng devi ce . e di_rection, changi deV|ce 42 turns the work W\
havi ng been convfﬁﬁ%ﬁ'ﬁfgﬁfﬁlswwﬁg %’é YD Gonligrafipy eaéb”@esbarné\’/es to
raise it to a verrid 6 a a&hiticofew ASwalzansthértmbb@ment of aMéngitheREdidgON
changi ng deV|ce 42 includes a cl anper 46 and a cl anper turning mechani sm
(not shown) dgvise; turning the clanper 46. The cl anper 46 has two clanp jaws
46A and 46B, and F1%7Q%§dl%zitﬁdnéi@shbh' 0B BerChdbWmeAvbratdhetameadygnce tovard
and retreat fromthe other clanp jaw 46B. By the novenment of one clanp jaw
46A toward $4Y&Cot her clanp jaw 46B, the work Wis clanped, to while by the
novenent in the (F?%D(S%5ﬁ:h%itﬁ%é\&o&owﬁdg%tM@ﬂdfheY\éfnﬁodiﬂEﬁt%'m% thm&s&lngwper
turni ng mechani smturns the clanper in the range of 90 degrees by
turning a r@ﬁ&#n%@ shaft 48 fixed to the clanper 46. The clanmper 46 adopts
two postures, *1@%'9%§’£‘§e@hox{aﬁﬁﬁb¥ﬁmn§9§&nﬁgﬁaé&%k%ﬁ’ indicated wth solid
lines in Fig. 2) a vertical transterri posture ?posture i ndi cat ed
with alternate Iong and two short dashes Iines in Fig. 2), t5 by being

driven hy the cl ampg@rAli’ DRYCREGNON GHTHE PREOPRRED FMBOHMBRTYI rection
changi ng device 42 having the above-described configuration WTl be as

described bel ow. pHerrdd @HodidesROhA indide &‘amt:teﬁnmmng\%aﬁdﬂ z{ilﬂ apfefucianveyed
horizontally by the conveyor 40 conmes into contact with _a body portion of

t he danper agsordenqeryethiths PrESTal ‘“Yﬁ““?‘h\é“”c‘l?ﬁ‘ﬂ/‘@ﬁ?mﬁﬁf‘ ‘(‘éjF‘étlé“ihrfE‘ieE?é?f‘éﬂ B t h
solid IinesadcBmpAlingdawigg, Wien the front end of the work Wcones into
contact with the bog portion of the cl anper 46, the clanp jaw 46A is

cl osed, by which Kisd wameraém*ﬁs@ﬂa'mrb\ﬁe%ﬁh%@ a6 erbYimentaf anpide Bipmetse
clanp j aus ﬂl@&uﬁﬂgaﬁ%usm 186rdhd2e wim'te PUBRINREG. ClAaThes dlﬁlﬂﬁeﬁﬁéﬁmﬁlé
turning nechanismis driven to turn the clanper 46 through 90 degrees
(state indi ermaesgsi0ohthiy anghodieat is gergpasediofiafecdsuegsion 1dastpageapesessction 1k, 2) .
Ther byt NehelfdoldeidHl6SERedinPelithl isCahadd st LAln 28hgh VEiidp. L he
work Wis transferred to the transfer robot 44 to be conveyed to the

measur enent sestien (noishedn). The transfer robot 44 receives the work Wto be

measured from thepgl {66 §i@Beter measuring apparatus 10 measures the inside diameter of a work

20 W, and sorts and recovers the work W according to the measurement result. The work W to

be measured is a ferrule, an optical connector part. The ferrule has a minute cylindrical
shape, for example, having an outside diameter D of 2.5 mm, an inside diameter d of 0.125
mm, and a length L of 10 mm as shown in Fig. 9.
The feed section 12 feeds the work W.  This feed section 12 is provided with a parts
25  feeder 22. The parts feeder 22 feeds many works W stored in a stocker incorporated therein
one after another through a feed port 26 in a state in which the works W are arranged in one
direction.
The conveyance section 14 conveys the work W fed from the parts feeder 22 to the
measurement section 16, and conveys the work W having been measured by the measurement
30 section 16 to the recovery section 18.  As shown in Figs. 1 and 2, this conveyance section 14

includes a conveyor 40, a direction changing device 42, and a transfer robot 44,



changi ng device 42 to convey it to the neasurenent section 16, and al so
conveys the work W having been neasured by the neasurenent section 16 to
the recovery section 18. As shown 30 in Figs. 1 and 2, the transfer robot
44 includes a rod 50 novable vertically) an arm 52 rotatably provided at

" the top of the rod 50, and a hand 54 provided at a distal end of the arm
52. The hand 54 has clanp jaws 54A and 54A, which can be opened and cl osed,
at the Lower part of 5 the body thereof so that the clanp jaws 54A and
54A hold the work W The work Wheld by the hand 54 is received and
transferred by tMaevaivtyoedd hofvoh@ly ednvéfsehd watk 30 fedahduglsthe ferd @ye d6 biythe he
turning notion_of the armb52. Therefqre, all of the direction changing
devi ce 42, Wﬂ@ﬂﬁﬂﬂéﬁf%ﬁ@H%a§@EFW3ﬁm§§m$ﬁ§' he recovery section 18 are
arranged on the true Birdtgopetahging dévile 43 tlradtle Hdrk Whaviigdsdarconmdytd section 16
measures the Jen%;h and inside dianeter of the work W éieshomn in Fig. 1

t he measur eMERPRIERY BHcopgeyone) terugh 0 Aessess i Risa e KU RPSIHM- 164, an

i nsi de diangb®h im%.smﬂimres@m&h@ idHByica el irRIuaeyH dlthpdd 86 indlbGampditurh@pgt h
measuring section I6A nmeasures a length of a work W The length 1o
measuri ng s@ehpeipm (EAshsd) forspire HIcHEPen¥0 and a | ength measuring device

102. The work hol I R e and 54 of
the transfer robgftﬂgﬁlﬂi}&l %Aﬁo agé t he%?ﬁpﬁeg}dﬁagé?ﬁg C%Grv?g%?(ttﬁg?%er 100 is

f or med i nt oclame swAtdagan stherpes toward and vared froguibe gthergelam jew HOB. hByitieg a
predetermn .S £ OrR j ' f farts k hol der
100, The vork s ol iR FRE a0 lofifthe Sncraibal BBy Bl w0

recei vi ng hwhige HyOHhe mPyrandnemdghdrrppesis dirtaigndbyweds Woungkawed.es t he | engt h of
the work Wby bringi j . awhi es. verddcal ly,...into
contact with the1&%5ﬂg?afﬁ§ﬁ%g%%ggv%%gh%3gaé¥@%f?%gq¥%%mﬁﬁggp§%Ie%ﬁ?tance
of the measuwrninga @xatng SGftaR fixhdto the clamperHe. MBeslnmpegdaadopls ®6o pestwtessposed

hori zontal |l y,. and the .proxj nd.thereof .is.20 supported on an, el evating

ol enont - 11aM0rR el O B LB go S gl Rhon i RS ke £l 2

cont acti ng eimfeetig pb&t8re (pdstedlindiRated @ith hlternawt long e tavo tshont dRhdshimed @FiN),t he

work W This contacti el ement 108 incorporates a pressure sensor so that
By s diven bEpesh S

the cont'act PP THE" TPHURGIBSHAT S et ect ed by the pressure sensor.
The el evating el emenperddoh df thestireetRlalchangingpievite4l @Iving tgikibdec-datdibed 12
RS s e AR N RGN R MR TR
screw rod lidhvegddbaamedisl by tepanalybel0 comtdintdm@nget vieh o idly pddidn ofithel bot h
e I CENEE RN TR N T
mot or | 28 sWwhas tHeQrda€erddwf fre0vdply Wildomes iro Edh@act with the body portion of the clamper 46,
the clamp jaw 46A is closed, by which the front end portion of the work W is clamped by the
clamp jaws 46A and 46B. After the work W has been clamped, the clamper turning
mechanism is driven to turn the clamper 46 through 90 degrees (state indicated with alternate
long and two short dashes lines in Fig. 2). Thereby, the work W is raised to a vertical
25 position. Afterwards, the work W is transferred to the transfer robot 44 to be conveyed to the
measurement section 16.
The transfer robot 44 receives the work W to be measured from the direction
changing device 42 to convey it to the measurement section 16, and also conveys the work W
having been measured by the measurement section 16 to the recovery section 18.  As shown
30 inFigs. 1 and 2, the transfer robot 44 includes a rod 50 movable vertically, an arm 52 rotatably
provided at the top of the rod 50, and a hand 54 provided at a distal end of the arm 52. The

hand 54 has clamp jaws 54A and 54A, which can be opened and closed, at the lower part of



30 nmotor 122. Wien the screw rod 118 is turned, the elevating el ement 114
noves vertically, and hence the neasuring arm 106 noves vertically. The
notor 122 incorporates an encoder, so that the nunber of revolutions of the
notor |22 detected by the encoder is output mthe 6 control unit 16C. The
control unit 16C determ nes the novenent distance of the neasuring arm 106
fromthe nunber of revolutions of the no§or 122 detected by the encoder,
and cal cul ates the length of the work Wbased on the novenent distance.
More specifically, the length of the 5 work Ww Il be nmeasured as descri bed
bel ow. Firsm¢bahnhst@%ohavma@ampmquMAhmdg#hhbmthﬁkathhﬁwwunkvhmﬂmEy 100.

Next, the 218 dr|v uri 06 havi ng been
posi t i oned%%\“%ﬁéﬁ@f@?‘%aﬁ ?fgeégeaﬁe% g\ﬁéﬁ?‘i E§§ anCWié?P Fg
measuri ng apywhd Qfnih®ieticn ofttitear®®2! aThdréfgrepdi Eotring dlﬂeGﬁomamng ddvize@apthact
with the top of the nmaster %L a certain_heisght. V\h%esgottpe caontact with 1o
the master PEASHEMERLSEHOBY 6 ARENE HEPYEY 1oE0 el TR iTangesson ﬁ%‘”%%x)é%"i‘ﬂ@%f t he
measuri ng ardndb@6 i s stopped. This position is taken as the reference
position. The control unit 16C cal cul ates a novenent di stance So of the

measuring ar m 106 h¢ MSASUFHREnRIcSURTy KrBsieurgshe lengh padingide diamgter ofdhs wek ¥nce

position, apdssivalifsig 1, thdimeasRABAedidf 26 RRMAELHAh I HRRuARNILRon 1HA, hn 16C.
Next , the notor 122 |s dri ven again to nove the measuring arm 106 upward to

the t5 measiidpdumeRaMeIsABIESEIan (6B, atiieconizal vak 166 recovered from the work
hol der 100, and al‘hWnﬁth\%éaQurﬁl? s@&?ﬁﬁ‘l‘éﬁ%ehs%re%%tlc Igﬁif 3tQTwdr . V‘q{hgll\‘n\ééﬂas been

set, the notor 122 is driven | ower the nmeasuring arm 106 aga fromthe
measur entent maasutipggclinmsion s a workehvlden d0GundalerngiymenswineoBvicoWes s, t he

contacting el emnﬁhe%ﬁ(ﬁ(ﬁ{i;@gqmﬁ R 85%@%@&& rwvgllﬁetﬁ LR B ﬁlﬁsd’&rl‘&by n?t{gi a

certain height. 20 Wen t cont ac KW S et ecte
cont acti ng edbendktp hald@he work W wenedllsig Bfe wark hotderd @ isrfgrmeadimto@@olugngtt opped.

The control - It

posi ¢ 1 on ¢ o* P pd Eeficte i £ PRRPR Rt ORI MR W RD,
control uni topX&e ofi eteavank hagerd0@li shhiexeeinBhis hxd ¢articall3 by bSm) idseie it e work

r ef erence posi.ti nog QJ}S di spl acenent x fromthe reference position
correspondsr'i'tcfi.ﬁw1 8 PLF ‘ence between 25 a master length Lo and the work

| ength L. Ther ef drkeledghaneza@mxfgcdeviummz rﬂlﬁﬁlresatlheuhgm@stmh@rlt%lg,wnnlgmgla L.o
+ x) of the work W

di spl acenen{™&Ui§ s‘dpﬁc%glgg%@ﬁmlcégelnéo ?08 ﬁtt‘ﬁllf-ﬂ e PO(S’ ;U’?‘f'lvffrgw y3| on
W th the ar aeddingthetth®ement distance of the measuring arm 106 at that time.
The measuring arm 106 is disposed horizontally, and the proximal end thereof is
20  supported on an elevating element 114. At the distal end of the measuring arm 106 is fixed a
contacting element 108, which is brought into contact with the top of the work W.  This
contacting element 108 incorporates a pressure sensor so that the contact with the top of the
work W is detected by the pressure sensor.
The elevating element 114 is slidably supported on a guide rail 112 provided on a
25 post 110. The elevating element 114 is formed with a threaded hole, and a screw rod 118 is
engaged with the threaded hole.
The screw rod 118 is disposed in parallel with the guide rail 112, and both ends
thereof are pivotally supported by bearing portions 120, 120 formed at both ends of the post
110.  Also, the screw rod 118 is connected with a motor 122 so as to be turned by driving the
30 motor 122. When the screw rod 118 is turned, the elevating element 114 moves vertically,

and hence the measuring arm 106 moves vertically. The motor 122 incorporates an encoder,

so that the number of revolutions of the motor 122 detected by the encoder is output i the



transfer robot 44. That is, as shown in Fig. 3, the post 110 is provided on
a turntable 124 so 30 as to be capable of being turned by the rotational
driving of the turntable |24. Usually, the neasuring arm 106 is positioned
at a retreat position, and only at the tinme of neasurenent, it turns to
" nove to the neasurenent waiting position. 7 As shown in Figs. 1 and 4,
the inside diameter nmeasuring section 168 includes a nmeasuring stand 60 for
hol ding the work Wand an air mcroneter 62 which is held on the measuring
stand 60 to neasure the inside dianeter of the work W The neasuring stand
60 i s di spaseablanitibe novenent path of the hand 54 of the 5 transfer robot
44, and holds the work W As shown in Figs. 5 and b), the ne ring
stand 60 i ncl udegh%l‘:%@swti 16§ deterpige Bﬁ?lg%ed?eng‘%%‘?%é}fﬁé“%qaﬂﬁméﬁfm i&ﬁol di ng
ring 68, anghmthHeheMbirdd redBMitioR o(fﬂfétm(ﬁm%hete&é%f@@@ﬂbbﬂﬂ%nﬂ%@l@ﬁiat@@ﬁy 64 is
di sposed verti call an air supply passage 70 is formed in a central

y, and f
portion theeess of the wprk W based pa thedrovempntidistangs  More spegiigaliy, thepangthgdlie f ace

t0 of the NEREYY WADbSHeRGeD 0 es&hed BOEwA WOrk receiving hole 74 is forned
in the center of the recess portion 72. The work recei ng& hole 74 is
a

formed coaxi al | y Fightt hmesies haying 8 kpindegeiis issefan the wosk hedar \dexg, the motor
predet er m ngd . 5’3199, j : ol t out si de
di anet er of Hg&%pﬁ £ Oﬂ@@%&g@}%ﬂa}pﬁ@%@gg? %gé'??ﬁgf‘%%&?% pi g(rj med with
a wor k i nsemedsgmbg|vaitig positien. c evilanghe peastuiingrarm3 06 naveeso fhe cartacting elemontk
insertion hglee 76 is for L.an sl yah | ar ger. t han
an outsi de gilsacrc%%1 er %ﬁ“&%&‘%@ﬁié’aﬁ%%ﬁgﬂ %trg%agég%%qfﬁeﬁ%htBGW%g& 4%5%& cg%'yltlhn t he
recess portthemaste if deteved Hynhd dvatactipelenfenc £08p the fidveering af the inregsusihg ach Hgdy 64,
and is supporte .as 1o be slidable in the.recess rtio in the axial
it ecti on WL he s ebOpBHHEhas BF iueie pSpde Hae eBTrb{1ebrealdialdfng
used as a ghubueneatdifimce Sy Githé heashowgedrm 106 droaf the heasprea®si wigting pugitioh so the

t apered 20 er is fornmed,

essing.face .78 whi.ch is inclined 30 rd thF ce
and the hol SISHGOF PROBEMISIRS THBAMEBIOE FPERES P BS S yiceCrs.  The
hol di ng ring 68 iNex{, tHeridoraiR22 aydrivk@sdaircto mive fHeaheasding atd 10®©Nivairdiedhd N t he
recess portion 72 forned in_an per face of t asur|j st.and body 64.
The: ol 1 ng PiHG s T Romuah TR Bestsr S Seer e o Tgtoek P 0aac Rot e 74,
so t hat whegohewngbmessedisiy:. t he pressing 25 face 78 of the pressing ring

66, the holding ring 68 is_collapsed and the_inside dianeter thereof is
reduced. The hol d%ff?gttﬁei“f?QkWShaﬁg Sﬁragleé?‘i)t‘?rr}??&f TYPLIREP ST e measuringagiinar y

state (no-| oeehedindiom thiktieSdirdnfen! W4iGRY pdsitidn. t WherDlt SietkRiridly ANEI0BN0Wdrs, tite  wor K
Wto be neasured. Therefore, when being inserted thr ough the halding ring

68, the wor KONKFHRE sleraent d @ficamep dyeyeaniact Wifh f FPLT Hisivaglo it Hécedtinpdehtzo The

pr essi NgodeweR iheR6htad RANMe Wik WO Rfde@tie@By the @bntaxiapBleentys ahcplvemeest t o
press the pressing ring 66 toward the neasuri ng stand body 64. The
oper ati on offeiiasuag ar 90gs SPRRTH BNV AEC SHEvEC B R B distance S

confi gurati @Bm the waiting position to the position at which the measuring arm 106 stops. Then, the
control unit 16C determines a displacement x (x = S — Sp) from the reference position.
This displacement x from the reference position corresponds to a difference between
25  a master length Lo and the work length L.  Therefore, the control unit 16C calculates the
length L (L = Lp + x) of the work W from the known master length Ly and the determined
displacement x.
The measuring arm 106 is rotatable to avoid a collision with the arm 52 of the
transfer robot 44. That is, as shown in Fig. 3, the post 110 is provided on a turntable 124 so
30  as to be capable of being turned by the rotational driving of the turntable 124, Usually, the
measuring arm 106 is positioned at a retreat position, and only at the time of measurement, it

turns to move to the measurement waiting position.



8 will be as described below. As shown in Fig. 5(a), when the work Wis
inserted through the work insertion hole 76 in the pressing ring 66, the
tip end portion of the work Wis inserted in the work receiving hole 74
formed in the measuring stand body 64. In this state, as shown in Fig.

" 5(b), the pressing ring 66 is pressed toward the nmeasuring stand body 64 by
the pressing device (not shown), whereby;the holding ring 68 is collapsed
by the pressing face 78 of the pressing ring 66, the inside dianeter

t hereof being reduced. As a result, the outer peripheral portion of the

W(r)]r k Wis tight eme,gh&yn ﬁlAlegshDhldi ﬂg\hd’lhsﬁl@: (ﬁﬁnetwmﬂaﬁbyngs&ﬁmh\?ﬁlk indlidss hel d i nh
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the outer p® ‘?Sb%‘égr%anﬂpotf‘ﬁém{%ﬂ}gﬁnwom% éﬂmqt"g 66%‘\/%“%3“@8? fEen the
work Wand fBRuMEY #and B0 MbdRarehind ﬂsﬂélmarh&eﬁtf tﬂehﬁ’ork iwre of removing the work
W the pressure a plled to the pressing ring y the pressing deV|ce i's
rel eased. Ther ebyihefmsasupppgandRy i figppsehon e F’@g?‘ﬁer“éﬂaﬂﬂ gt ‘Bﬁ Bangr 4t Hig

posi tionsbyyfRe ﬁJb@tsM End HoRds Ohd WG ver G sﬁBwﬁ khemgsobgs e 5('))“916%5@1“&' t hus
the holding r itself is restored to the origrnal dianmefer by the elastic
restoring f 6?@56% irtedes p reaguriag sthrgHiodn Phg PEFSSIRG rlkg 00, iadoldinzaringdd, and@ t hat t he
wor k W can shown in Fig. 4, the air mcroneter 62

i ncl udes anﬂgﬁﬁﬁggﬁfggmt%?ég?regulator 82, and an A/E converter 84. From
the air source 80lhcancewymipg sterrblepdyiof lwmm&edtvem@lkyamdra@ agrsdpiy passlige YO firav e
e L eOu Ahffled § SREA ALY BRieb? SARLPHocs] Bb P9 Alea SPnE G BES TN
conpressed air sup romthe air source SO as ave a

pressur el0 Thethe mnesgsﬂdldmody o osda pokgsagivengtade Zois Emmnd magud:eateedf the a

fixed value b ul.ator 82 |.S. S ed to . the. ssage 70 in
he measur | RCS AR Eoay esort ot fad WA SloaRe cPSally wRtRE BESS 3 a
havi ng beenpamz;gplﬂ)etdas tnhm/etamfecmermaqbdﬂpw Mmag&oﬁﬁxama&he&ntemimnm ab the

i nner peri pher. orti ld in the measuring stand 60 and

i s dischar g8‘é‘S’?%d‘?’ﬂ8tc %%ﬁ%k%h"vﬁﬂﬁs‘%{% verter 84 converts the back
pressure of conpraredsiddridd 66 i@forinbd &ith b Bk iRte@tic@ ot ’&thlaicexa}al porgeral by
bell ows and a di ff(grentl al trans

QJ e ch are incor n the AE
convert el 8Hereqh NSRRIk A er{ﬁdafo@?%ﬁ?aﬁs ' ave ﬁglaeg q& ?ﬂrﬁer Y8t The
control uni bn d@GdEEhGEtbRIf @R WdtR W.NSIihg @redduégmgese i9fnsériea lme kecwstpaﬁ@d 79n this
el ectrical S|gnal The cal cul ated inside gg ter is displayed on _a nonitor

(not shown) %F‘Sﬂ‘/l“d@?juﬁpﬁ‘ fetreot dorinrasyringstand 4apnef 15 pupgotied @8ty ResHdable dat a

in the menmohythk Reesk Porish @Zin the A dGedHonh Ofith Wiv ihnes Perifhiral ASe SthAYMRcdsH Fig. 1,
the recovery sectl on 18 i

arates the rks W havi been nmeasured into K
wor ks, whi cROTSY &2 REte ‘&e‘z?&ﬂ‘ MRS @Dé*}?dﬁﬁyﬁf -1 3%1%@‘%?%“% g‘/{u?&ﬁ"“"dhave
not net johe ppisasicfags T8 wigeh iS irRTIg toward it ceREON EdrMed, RRMthe hBRIiNpeHR\6RiyinSect i on
| 8 has an OK work ecoverx gﬁ éJOA for containing the OK works and an NG
wor k recovercﬁ}“ti‘fé%’“ o8 FSFNE B¢ B-ni ng the NG works. Each of the recovery

boxes 90A and 90Brhieshofdigtad 68Nn¢ PrideddPan sAaRMMERS nd BROAtaBEdR thére@en, and
both of them are_di sposed on the npvenent path of tge 5 hand 54 of the

transfer rotBgriondZ fopmed ifspppREr fags ohie Brawrieg fawlhedy 6 + He holdingding08ibhot 44

i s uncl anpedispyRl caflly Mth ey drR e¥ifiy hbieXe Sso W wAB b Ehraieh bySthPpressidpt O
each of the recovery boxes. A master storage section 20 stores a plurality

of ast efs. FE 78 bV PTERTE ne O; (e heldipg P pS it g apges B chs ‘Bﬂd"z@a‘iﬂ‘é‘erﬁ?‘ﬁ?ﬁfded

Wi th a nast e reiced.adme bR B8 68 TRR HABST BEidSdiamagen iR Gliadd s88 (h&1chr med
into a block shape, .and a plurality of master storage holes havin

pr edet er mi né@Y S’c"h ‘Salﬁrée"ftB‘?“rfBﬂo‘%iﬁf“? digmeterrfithe work Ypodie resgpuret e T(S‘Freg)ﬁ"e mast er
storage st aRtheBBeing ASerfdB&ir&Iph tR RIGALRRMS the Wok WES iRércAls@ba@Ball}ah §S-

non-contact state.
30 The pressing device (not shown) is configured, for example, by a cylinder to press the
pressing ring 66 toward the measuring stand body 64.

The operation of the measuring stand 60 having the above-described configuration



The master storage stand 88 is disposed on the novenent path of the hand 54
of the transfer robot 44, and the nmaster storage holes are also fornmed on

t he novenent path of the is hand 54. Thereby, the naster can be taken out
of the master storage stand 88 and can be conveyed to the neasuring stand
60 by using the transfer robot 44. The control section carries out drive
control of each piece of equipnent constgtuting the inside dianeter

measuri ng apparatus 10. This control section carries out drive control of
each piece of equi pnent according to a program stored beforehand. 20 The
oper at i on oWwilkbees dessiibkd bdloswre e shawreis Kitg: H@). ayhpmthatwesk BF istitsegedethisogh tent

having the ?Q&Yﬁseg%ﬁﬁ&e%%t%??{ek%’d{) rﬂr{g'_e% hg\’hk) bnd}foroh &‘%ﬁ%&%% &ﬁéaﬂ!‘é inFl I St .

of all, initralrzatironis carfie a zero-adj us I ng master M,
scal e- adj usthe ngrinesdivng hig 7<afmdnaﬁmtlmanéasngmgasméb&iyl‘ﬂ]4. t In ¥ seatee asshbwoin t he

mast er stor nd 88. 25 Ol t he ,zero-adj usti.ng nast er t he i.nsi de
ot er - dofar it 8 Presming fing 0 plrapalivan ¢ pRhAne piR oY o2 byt et | o
mast er Mv, ﬂ&v&el(m isiebav il vetieedbg thethol ditparirp @8 is Solldpwauiy (Ha@vesvieg facel @8 of tﬂey)

Al so, the correctin sters ML to, MN SO as ohavethes

el te. df anSEimaTsRRe Be s fe bEro AT THG e Bt PR ongt ns
L, to LN t hgsreied ofahieewdR oWk tighRnédDbyai€holdibf Eing 68)$hBRb}- thetvdrk W a6l iMGve a

di fferent val ue. The %erator i hputs the inside dianeters and | engt hs. of

the vari ous™Miduteg €andd0or Alsarthe ﬂdlﬂﬁén%%‘ﬁﬂ‘b?loﬁir‘?f’?m‘i‘ b the %Ltt?frpéﬂwh?@fﬁf. n the

menory. 1fhe Next w, h@etyen@hiis {;i%a@w bedect @i W&tk W0 2nBRE whiEe&ivind s TEL er
62 are calibrated. First, the ansfer _robot 44 takes the zero-adjusting

master NB out of Atk tiagefapmayieg tewost Wne pBssuEARPhSsHO dipPreshias RESE&PY t 0 t he

l'engt h measygi Flgs1§§a“évic9rk &é&edThﬁe&%&Qn@Hsz&'dﬁg 6m%§5re&/9> théoﬁﬁﬁal' n the
wor k hol der (5)0 of "the length neasuring section 16A. The setting of the

zer o- adj ust perdfiomdyttlerelagtic istofingferqsef thehatslingaing §é sanditiyis dhawlding mFH ipsglf is the
hand 54 of {hediehsha mﬁl%ete‘}‘%% tﬂMylzﬁhc RAbAS: fforb% Z@ﬁ&e@dahyﬁgmagngmst er M,

nmoves to a position over the work holder 100, and lowers fromth
posi tion. TwerkeWys requ@dz@rtbatgmmk“hgan@ﬂr@qve% held by the hand 54 is

| nser ted,i n the Wordiol fekN 41the/\AliBerbicl 82 MRk kiraallego, 100n1dop g t er

t he zero-adjusting naster been I nsert e Wor |V|ng hol e
104, the hohutl awgA/Bfconveeterz 8%k 0- adj usti ng nmaster Mo by the hand 54 is

rel eased. After rﬁl)rgﬁel aﬁ'rgs’oultcg' §0, a compressed air whose temperature and humidity have been
regulated to fixed values is supplied. The regulator 82 regulates the compressed air supplied
from the air source 80 s0 as to have a fixed pressure. The compressed air whose pressure has
20  been regulated to a fixed value by the regulator 82 is supplied to the air supply passage 70 in
the measuring stand body 64 via the A/E converter 84.

The compressed air having been supplied into the air supply passage 70 passes
through the inner peripheral portion of the work W held in the measuring stand 60 and is
discharged to the outside. The A/E converter 84 converts the back pressure of compressed

25  air at this time into an electrical signal by bellows and a differential transformer which are
incorporated in the A/E converter 84, and sends the electrical signal to the control unit 16C.
The control unit 16C calculates the inside diameter of the work W based on this electrical
signal. The calculated inside diameter is displayed on a monitor (not shown) provided in the
control unit 16C, and also is recorded as data in the memory incorporated in the control unit
30 16C.
As shown in Fig. 1, the recovery section 18 separates the works W having been

measured into OK works, which have met a predetermined standard, and NG works, which



hand 54 retreats upward. Thereby, the zero-adjusting nmaster Mo is set in

- the work holder 100. At this tinme, the neasuring arm 106 of the length

measuring device 102 is positioned t5 at a predeterm ned retreat position.
_ After the zero-adjusting nmaster Mo has been set in the work hol der 100, the
turntable 124 is rotationally driven. Thereby, the measuring arm 106 is
turned and noved fromthe retreat positigon to the neasurenent waiting
position. Afterwards, the reference position is set. That is, the notor 122
is first driven to |lower the neasuring arm 106. When the measuring 20 arm

| 06 | owers, htheotomﬁtfaqxédagrreihmmamwdcmm thano Ebﬂtea@\termet:hort t8chas ap of
the master a certai This con t LS .de ted by
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measur enent SRATRTRRY PESAET ofrthe spryary Ropes Q0 ane 41 andi b puf iatogehefithal | y
driven to nﬁu@egmx@asurl ng arm 106 to the retreat position. By t he
above-descri bed operation, the calibration of the |engt h measuri ng device
102 so i s conpl etelastessiEagqsestion g0 stpkga plupalip Qfmnsistser A8 MW i &7g- Brthe ed.
After the nRagiHsidithe3diod 96ishasvideatwidaldiict Qoﬁa@@stﬁrﬁitffseafrh@%ét&‘sﬁﬂaget he
transfer robot 44 recovers the zero-adjusting naster Mfromthe work hol der
1 00, and0cotymdA i formed inkpea blopki siepe, andja:phrpldty ofmasarsioge eles hayinglB. Then,
Lhe zer o- adjugh Aol hre"iinled viREallyTn b Ed SthehaR O, ﬁchsas'ns'de
di anet er gsur% ng e'sec[% For? 5 VThea e?t?ﬁ)ﬁp@ he zero-a jSUSIgIQ%ltS mast er

i s perf or nethamastissare storwd itk owsteiRitorage holdse hand 54 of the transfer robot
44, which holds t [ ver
the measuring ot 18 o Sk Al iRabE it ARl Sufrndlish BE ST
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t he hand 54 h t he SSIn Vi t shown) is driven to
press the pF’aecs feﬁggf;e%gﬁgggt atccormg%? %erg'gﬁ)feﬁﬁoeﬁo %ﬁ?\% body 64. Thereby, the
hol di ng 20i ng 68 i'Betoperaipin prtwedmdlq,dmmerpncesmnggppam@ B@his sobddma¢nt hineng

zer 0- adj ust | na hel.d b cQl.l d holding ring 68, and thus
is held in hﬁ’g’b(r)rveea&seggrnlbnwcon lﬁuran%’owm'faﬁqgflesmbeggglgort| on of the

zer 0- adj usting rm&tseofalubmhehzhtmmstclamedeasuFtrstga srtanatjustidg mesterMent ed i n t he
wor k rece|V|n h t|n Jast er Mo and

wee ro-adj
the work red@l wdbUS?%ﬁngsmfj}g\' émcgceog cc‘cf’gmas ehs Zqu ?)rseégo ltmhm té?aﬁg ring
68. Ther ef ostend &Gzen when air is suppli ed to the air supply 20 passage 70,

all of the air i p|e to the i eripher ortian

zer o- adj Ust i ng masotrlfu?3 “tsh?ﬁﬂ“aﬁt RE’? {r’}]la%{s le@ %f H‘gn a%ol 'ﬁlﬂe‘fthfrﬁ%fm

zer 0- adj ust kngwinragFoethe MaldhabusbegmasatMy, mhetnhﬁdemﬁaﬁmn dvgheat @Ok B/ ni(ovidver,
above- descrlbeg manner, the air source 80 is driven, whereby conpressed air
whose pressﬂ?e Ras been regul ated to a fixed value by the regulator 82 is

supplied to the aAFso&h@d’Uni‘ctﬂ@Sﬁ@@% M B0 Ry 4rB fdrihed SRR haveAhsSdamBdnsRe Vi a the
Al E converter 84. The conpressed air supplied to the air supply passage 70

passes thr oG&Wetehéo%Sﬁ?PéPf ‘ﬁ%??fﬁﬁ@f‘glngﬁ&si@f% 235t thedensghs Lotk theteprye kapstrer Mo
and is digsChrmged, tholchfifs OUb 3l dfch hhikea Bidekentagesur e of conpressed air at
this tinme is detected y the AlE converter 84, and is output to the control
unit 16C as an el BRErQPR@ier inppig s insiderfaraesers pes) lenghstof tscyagpusraasterhe  back
pressure datb@fo%a&d\ﬁt&%ara%mm Rt dTR &Y in M2 il has been 30 output as
an electrical signal, in the nmenory incorporated therein. Wien the
measurenent of the zero-adjusting master Mo is conplete, the supply of air
is stopped, and the zero-adjusting nmaster Mo is unl ocked. Specifically, the
pressing of the 12 pressing ring 66 by the pressing device is rel eased,
and thus the tightening of the



zero-adjusting master Mo by the holding ring 68 is rel eased. After the
pressing of the pressing ring 66 has been rel eased, the hand 54 of the
transfer robot 44, which has waited at the upper position, lowers to hold
the zero-adjusting nmaster Mo set in the neasuring stand 60. The hand 54
rises while holding the zero-adjusting nmaster Mo to recover it fromthe
nmeasuri ng stand 60. The recovered zero-agjusting master Mo is returned to
the original position on the master storage stand 88 by the transfer robot
44, After the measurenent of the zero-adjusting master M has been

conpl eted, the t dekt Ehnskefngth maboingddvithk)? and kesirtohierogesk 62 adjcaldtratedy nast er
My out of the ma d and Y3 it.to asur ement
section 16. The gg%l%‘egr ?br?g@ntﬁlé %‘”NE/O zﬁgusp‘n% seteerr%\/I %ur‘i\cl’gt?‘ggmtso t he
nMeasur enentstaagtstand 88 Gind Sor&eps theimh i tdimﬁﬂidﬂgthngeaslﬁr&igdecﬁﬁbnl 16At h€hsane way as

t he zero-ad] ust master Mo to nake ur, he back pr.essure. Upon
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the zero-adjusting naster he nmeasurenent of the back pressures
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conpl et ed ago¢eaFd b&ﬁ@n%b&\{ﬁe wérﬁﬁolgmtOOOJndWetrs &@tﬁttﬂ?ﬁ&itf@nne”?héraﬁf the
rel ati onshi p between the c i nside dianmeter and the changé of back

pressure (b@&caqw%gsma@erdﬂaheégbkﬁhp bandod)is Bested inothe REK BeiWnghade §Qfria theat a of
the nmeasur egok@oref @oadj usting master M, the back pressure data of the
nmeasur ed scal e-adj usting master M/, and the known inside dianeters do and
dv. Al sdd the neddisr thg zgatadimsiyre ivatek Mo haskegn inserfedtimthe erlpregelying holadO4rast er

WD LS Sel Lhe phAigE Sl AL BRSNS LRE MIBRSIGRPL s flul e SHDRAAURRI,

measur enent, tecting t pressure change wth respect t

zer 0- adj ust hang Shestteats uppardt hEhercrlPS,l thkezedd-adiestiog mdstof My iseetvin thie WAtk Boldesasur ed.
25 By the ap(gbve-descri bed operation, the calibration of the air mcroneter
62 is conpleted. Next, the neasurenent of a correction anount of neasured
val ue based on t k¢ thiefigt,hd medsunvgrdmil§6 nfitie lenfthmshsuring deticalRfiepositivbet 44
t akes ”’[? fi rst%ic%%eg(}re[}gatna ster M (length: L,) out of the 30 naster

{ QS1t1QN. . . / . .
st or age St ala”l(::i1 conveys | to the inside dianeter neasuri ng secti on

16B to set it in Aﬂaethmmwdjmgngshammmas Wdeh sat it the work stlder 600, etet tumgbleast er
s e 3 kB TR Y s SRS et 8 B R RLESRHAG b hRRSRL 1 o

nmeasur ed as t he 1°Nng mast e control
unit 16C cafenﬂ:it@basort tbehd mesamdemmt awming posiuonof Afffleswvdrds; 8k rdferen@giokition vaat er

cause 11 1 oTEBI HEgbiel o <G unpAtE aPbEiehah 10k ooy BRUR MeP0efE 1 o
correctiang masi06rlowsrs,hisscobmetingetampenet08ctomehimto contact with the top of the master at a
certain height. This contact with the master is detected by the contacting element 108, and
thereby the lowering of the measuring arm 106 is stopped. This position is taken as the
reference position. The control unit 16C calculates the movement distance Sy of the
measuring arm 106 from the measurement waiting position to the reference position, and
25  stores the movement distance Sy in the memory incorporated therein.

Next, the motor 122 is driven again to raise the measuring arm 106 to the
measurement waiting position. Then, the turntable 124 is rotationally driven to move the
measuring arm 106 to the retreat position.

By the above-described operation, the calibration of the length measuring device 102

30 is completed. Subsequently, the air micrometer 62 is calibrated.

After the measuring arm 106 has retreated to the retreat position, the transfer robot 44

recovers the zero-adjusting master My from the work holder 100, and conveys it to the inside



transfer robot 44 recovers the first correcting master M fromthe
nmeasuring stand 60, and returns it to the original position on the master
storage stand 88. Next, the transfer robot 44 takes the second correcting
master MZ (length: L2) out of the nmaster storage stand 88, and conveys the
master to the inside dianeter nmeasuring section 16B to set it in the
measuring stand 60. After the second corjfecting nmaster M2 has been set tO
in the neasuring stand 60, the back pressure thereof is neasured in the
same way as descri bed above. The control unit 16C cal cul ates the inside
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been conpl fet ed, Hheselfﬁlgtdf@ﬁ&feﬂadﬁlgb@méhéerﬂ\@ﬁ@p@foﬁméd’bﬁ deegidedbaow.r axrl]rtsi,ng
master MZ fromthe neasuring stand 60, returns the master to the
original pddf F%“HE‘*(S’EE‘F%“%SWW 4&%}*%@@{ (7arogasiuseRg, AT e MPYeS A& i nsi de
di amet ers) gh3itoR ofbY 1 mdab@ingQfah@ 60, aRd@I0WRENETR holihgtiRe Ad-8dj@tias nRferiMg
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20  passage 70, all of the air is supplied to the inner peripheral portion of the zero-adjusting master
M, without leaking through the gap.
After the zero-adjusting master My has been set in the measuring stand 60 in the
above-described manner, the air source 80 is driven, whereby compressed air whose pressure
has been regulated to a fixed value by the regulator 82 is supplied to the air supply passage 70
25  in the measuring stand 60 via the A/E converter 84. The compressed air supplied to the air
supply passage 70 passes through the inner peripheral portion of the zero-adjusting master My
and is discharged to the outside. The back pressure of compressed air at this time is detected
by the A/E converter 84, and is output to the control unit 16C as an electrical signal. The
control unit 16C stores the back pressure data of the zero-adjusting master My, which has been
30  output as an electrical signal, in the memory incorporated therein.
When the measurement of the zero-adjusting master My is complete, the supply of air

is stopped, and the zero-adjusting master Mg is unlocked. Specifically, the pressing of the



determ ned. The control unit 16C stores the general fornmula E = F(L)
representing the relationship between the determned I ength L and the
correction anount ~ in the nenory thereof. By the above-described series of
operations, the prelimnary operation for to neasurenent is conpleted.
Subsequently, the works Wstored in the parts feeder 22 are neasured
successively. First, the parts feeder 229 s driven to successively feed the
wor ks Wt hrough the feed port 26. The work Wfed through the feed port 26
is conveyed to the direction changing device 42 by the conveyor 40, and

t hen t ur nedpfeksingurijg 69(byd&agfresei$gbgvi¢ehere¢hiamlcztrid0musal|m@'tanglglﬁtkréevi ce 42 to be
rai sed verticall ed ve |s recei ved by the hand 54

of the tranéqf%FdJi{%ﬂgfnaﬁﬁr &RH“’I"‘?‘ @Bﬁg\?é’%rgg“t% ' | ength measuring section

16A by the turni ngfieietei padisiag ot he pdssifgrihg 66 hhshseaeﬁ Feddasddethe haiadd of4he The wor k
W havi ng been g}onve ed to the |en th rreasurln% section 16A is set . in the 20

wor k hol der FA%E" 30t Hathichday Wit A DREPRSDPOS O NBYE IRRP!d Preeedii%nent of

| engt h usi nenabibrem) @ftihe ﬂ@ﬁﬁh’ﬁgﬁ Rd$OCt TIRMad® A4 Mick WhREhoTBEE RS eeRifsined
bel ow. First, the hand 54 of the transfer robot 44 noves to a position over

the work hoFaer Yty regeyerdt sy thegaauring 5iapd 6. he arm 52 | owers from this

position. The ar Myazed,Qued srd- B&ﬁ’éﬁﬁ?nﬁstw I\%jﬁtr&ﬁx‘ﬂl:cl‘%dhé%x?gﬁr?a‘i‘ﬁ@snﬁﬁq)n%eopS
Thereby, the work Wis mserted he work 25 receiving hole 104. After

t he work W Fastendspee;sipngd 88 éﬂthierﬁfat‘ﬁ@fvm k4.receiving hol e 104, the hol ding of

work Wby the hangsednd ﬁea&ﬁkﬁm%ﬁmeﬂ%ﬁjﬂ&h rmas@ehﬁloﬂﬁsrﬂe\'@@c&ﬁm&éd Wpwar d and
waits at a position at a predeterm ned height. Thereby, the work Wis set

in the wWor k trhrsfataobot dbthemtakesrthg ssalewdiurtingmester Moot efdhe mpstertorags sRnhs, der
100, the tu m&lﬂk’%s 1t%(A)' t}fgfr%eglnﬁel e%l?gctcﬁor?’ﬂi Mgge wale é‘gﬁi{ﬁ'ﬁ%t%% fl:ﬁfhng been

rotational ly driv e neasuri ng arm romt retreat
posi tion tocortveyedﬁaﬂmnwsmtmmsdctimglq:issdtﬁri he meAfutieg stamiedOne dvisanpgapam 106

nas, oved O e SRARY ST B LA RIS e IS pre e bRl depdpp T Ve

to | ower the neasu € reasuring arm re
contacting ef elmasuitﬁ&ncﬁmmale adjt)stmgmaaerthstrbtutrhetdtbpon)gmallpesmmrdn thé at a

certain g V\g}en t hi tacte i S %J eZ%;t ed us&he I ring of the
neasurin Stfbsé f&s Sé‘i“SéB &Y FHY et Pt %gcf“%Fe‘i %i nes the novenent
di stance S from thﬁermmmaﬁt o‘f\meﬂ:acrkgarcpswes ofole Zec-idjestipg siagteravi, atd thehi ch

the measuri ”gal rcmls%mg master}ﬁ has %eendco?nre)lette% esct%led above, the control unit 16C
determines the relationship between the change of inside diameter and the change of back
pressure (back pressure characteristics) based on the back pressure data of the measured
20  zero-adjusting master My, the back pressure data of the measured scale-adjusting master My,
and the known inside diameters dp and dy.  Also, the measured value of back pressure of the
zero-adjusting master Mg is set to the reference value for measurement. In the subsequent
measurement, by detecting the back pressure change with respect to the zero-adjusting master
Moy, the inside diameter d of the work W is measured.
25 By the above-described operation, the calibration of the air micrometer 62 is
completed.
Next, the measurement of a correction amount of measured value based on the length
L of work is made.
First, the transfer robot 44 takes the first correcting master M, (length: L) out of the
30  master storage stand 88, and conveys 1t to the inside diameter measuring section 16B to set it
in the measuring stand 60. After the first correcting master M| has been set in the measuring

stand 60, the back pressure thereof is measured as in the case of the zero-adjusting master My.



fromthe encoder, and then calculates the length L of the work W based on
the determ ned novenent distance S. Specifically, the control unit 16C

cal cul ates the displacenent x fromthe reference position, and determ nes
the length L of the work W(L = L.fl + x) fromthe displacenent x and the
known | ength Lo of the zero-adjusting master Mb. The determned tO length L
of the work Wis output to the control unit 16C of the inside dianeter
measuring section 16B. Upon conpletion of the neasurenent, the notor 122 is
driven to nove the neasuring arm 106 upward to the neasurenent waiting

posi tion. Tingsy @afrblemit 160altwiied b ingidd 3hmer dirdof Merfirkt@otredting asteMEagomi Ng arm
106, so that the neas ring arm 106 noves to the retreat, position., t 5 Thus,
t he masure%mea%?edl%éﬁb?rﬁ B A SORRS A e TAeTRs 3] R GRUSE S ERCUSIRINE (A BR of
the | ength prasuysenment, the hand 54 of the transfer robot 44 having waited

at a position over the work holder 100 lowers to recover the work Wfrom

t he work hol der ¥t thFH@a?‘E%‘B"?}’éP@Be {5t sorppting masicy My das besn cemaplFRdithie .

di amet er sMeagfd RboBLEEERBrs MR okrliRink kAR [ ﬁéﬁfa@méa&m%@mma&nw havi ng
been conveyed to the inside dianeter neasuring section 16B is 20 set in the
measuring steiHEs 6O theonige pesitiontea theraysts starageretansr88. The i nsi de di ameter will
be nmeasured as d [ [ Ko Wol SastePRE %h.i n gwor k
insertion hole 72%%%%etgdn%%le@é\étr?gdr@%%eé%sn{g(t?M{gh@as& g‘s%s(feﬁ Jé%/{)llgg) (not
shown) is dthewsntet siopgesandt8icand cervsynigie miasigr 16 Sretinpiverdianndier mrRsisimg iseegiost and
body 64. Th ; [ | 68,} 0, ; essl | ng 66,
25 %0 that THo sk AT SeALRG FraRa. Al el ARGt bRAAUEES' A ol 18 O,
hel d i n heimtbaswasurige sararéd, BO backiptessure therenois knedsulrddn theeamhwhylas desdribed
measuring stan th i1 rce . 8Q, 1S..4L . ressed air
Whose. pr oss tRaenatesbfo Buf iPCHIGTE! FrdliHelp Ul RIS
suppl i ed t oMytenaihe neaynped\bagiaessagre, and siores titie themaesnory sigasso equde B& via the A/ E
converter 84. 30 TQe cinprzfsed air supplied to the air supply passage 70
passes t hr oGYFPHSE ¢ B5&8Wdri pheral portion of the work Wand is di scharged
to the outside. Thgerliackeapirement ibethetecond@ressednaict Mathas des corhpieted, She

detected by the Al E nverter 84, and is output to the control it 16C as
o 16 T CpPTE POl P er T e Par i i G ot S e epiani A opd

di ameter d edturafitie wktkr WMizagi@thaDpositie o thecliadsicEabragd ganl8gsent fromthe A E
converter 84. Th is, the inside. dianeter f the work Wi al cyl at ed
from a back press ée%Gu*%H‘S‘Sﬁggﬂ‘eﬁﬁ%t%éo “g‘h%&hep“roérg“stﬂﬂgén%ﬁg;é\gi Qﬁ?“éti cs 5
det er mi ned Retdroahandastefborige St 818 (aekd) ntbaaui®) REceshivelys The betbr@atadifie t he
control unit,lGC&g erg:‘én?s the correcti on.aﬁount based on the length L

ek b 4y

of work W AT HOLLUFEE URmERAY TG EHR A8 BLtor6ieis iR,

Then, thg coyiEkh@iN;to LHGepeviivagt s t he neasured val ue d based on the
determ ned correction anmbunt E t(t) det grm’ ne :%1 @ogrect i nsi de di gmater d .
' Aed

to The inside di afBfehe Beasyspeny gt Beidh IFRESFS the CUESEDg PaLrrsiy Mg

di spl ayed oOmad he@n BEBHHIER, HRhtr& RAWIGC BEENYHi AR Ghd ddrrbdiRn GRBLALRlof HiRhdired6C, and
also is recorded as data in the nenory in the control unit 16C. Then, it is

j udged whet H&leor not the neasured inside diameter d' neets the

predeterm ned st agidad e zelbladjudiig nabted Mo hiiBEEbMDBTNELs ek, WNIK atbhbrine@n OK
wor k neeting the predeterm ned standard or an NG work not neeting the

predet er #i néd ag toiaey afeud dnsidpilianets prdeseibgabve, the Bmnea@luehughbiode eniert f or

this judgment, haseRecn valQ'E€sh &) advance in the nenory in the control unit
16C.
However, since the masters Mg to My have different lengths Lo to Ly, the measured

values vary.
Thereupon, the length Ly of the zero-adjusting master My is taken as the reference,
30 and adifference (do — dy) from the measured value dy at that time is determined, by which the
correction amount € of measured value for the lengths L to Ly is determined.

For example, the measured value of inside diameter at the time of length L, is d;, and



The neasurenent of inside dianmeter of the work Ww Il be conpleted as
descri bed above. Upon conpl etion of the nmeasurenent, the driving of the air
source 80 is stopped, and 20 thus the holding of the work Wby the
measuring stand 60 is released. Specifically, the pressing of the pressing
ring 66 by the pressing device (not shown) is released, so that the
tightening of the work Wby the holding juing 68 is rel eased. Thereafter,
the work Wis recovered fromthe neasuring stand 60 by the transfer robot
44, and is conveyed to the recovery section 18. 25 The works W havi ng been
conveyed t otht b&rdcacroMBst §aQKRdredd s £18 dar-d,.S exled, dtcankanuiel vaeofedstid diameidie OK
wor k recovery box 90A and the NG work recovery box 90B according to the

j udgment r e timespfdenath lexdp fly and thp camgetipsy amavpeR theerof e prledde-ervinivaty:
standard 1Sy eGaaoPandld)f K ARMGHSARNSIY 1R RBOR (oMbl BEeiGOT K nOt
nmeeting the predeterm ned standard I's recovered |ﬁ the NG work recovery box
90B. 30 The separtatmetherreationeiriy betivkdn thedatermined dengiitLods Lo emtthe barckctia ow. When
the work_Wis an work, the hand 54 of the. transfer robot 44, i ch has
recovered th O%Fqgt)éﬁv’]‘arg(%ﬁr?lﬁ% aaogf}}cﬁﬁnggﬂ%{‘S?ldd&]%ﬁo,"ercr%‘?/“e%m(fUSE%tEﬁo%(milson over
the OK wor Kddi@gmear yTiOoon@8Anit THE Btoreb (iR genclal fhaiuth S4F(1)W@i&edtihigangh a
predeterm ned di stance fromthat position, and thereafter the hol ding of

t he wor k W mlatippdimhesitiees thej dsteprainepisegih LR sisgrrectipgamipng € W e BsH0inder
gravity, ang.l.g¢recovered in the OK work recovery box 90A. On the ot her
hand, when the work Wrecovered fromthe nmeasuring stand 60 is an NG work,
the hand 54 of t Hy the ahnsé-descripidotriesof pansioes theprelipory vpoatianier t he NG wor k
recovery, .bo t 1 i t hat
posi t fon® TherSire RS o fEES, iBHEAP Y SOR RRPE il SATAE 108 s
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measuri ng armiﬁ‘gG m)XL{ng vertically is brought into contact with the top of
the work W eSEEf®f*t'he movenent distance of the neasuring arm 106 at this
tinme, by which thehelwigthhfingtiaen sardgei\ld e RRAR tic@diringloBYRIGA fsRe imichod of

measuring the | ength_ of rkis not limted to this. 20 For .exampl.e, .as
Shown | Vi Jork holdks doGso ditana lenedy Werset it Fgasiest VRS BEmARtRL Rt UBipE 61 di ng
the work W Ing@ mbdrin@fsedBASEX ivilDbemade at AéscriBadbelow. det ect the di spl acenent s
of the measuring arns 130, _13 Al sp, as shown in Fig. 8, the | th
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W vari oiss pételvinglhylekiogwn nmet hods can be used. Al so, although the neasuring

section |6 is provided with _one | ength measuring section 16A and one inside
di anet er measur i ngt&dRe VoK Y bts hepn nprried anthe doreRtetving ialg 4 thepolding3H | engt h

nMeasuring sekik sy hérndnd id RRhWE. JTIRFARKE! (EBAS 5T nBes HPFAAANS wadh ArYy be
provi ded. Thereby, a plurality of works Wcan be neasured at the sane tine,

so that the PREBYLA @ RESetcERipcdisight ddhgiebh thei vk & fsisetiia phgyvork hqlder AB0.descr i bed
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constructions and equivalents falling within the spirit and scope of the

i nvention as expressed in the appended cl ai ns. 19 WHAT IS CLAIMED I'S: An
i nside di anmeter neasuring nmethod of neasuring an inside dianmeter of a
cylindrical work (W by supplying conpressed air fromone end of the work
(W and by detecting a back pressure of the conpressed air, wherein a

correction anount of neasured value of an inside dianmeter according to a



| ength of the work (W is obtained in advance by determ ning a change of
nmeasured val ue of the inside diameter with respect to a change of the
| ength of the work (W, whereby the nmeasured val ue of the inside dianeter

~is corrected according to the length of the work (W. 2. An inside dianeter

measuri ng apparatus (10) which neasures an inside dianeter of a cylindrical
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memory in the control unit 16C. Then, it is judged whether or not the measured inside

diameter d” meets the predetermined standard. That is, it is judged whether the work W is an

OK work meeting the predetermined standard or an NG work not meeting the predetermined

15  standard.

The inside diameter used as the reference for this judgment has been stored in
advance in the memory in the control umt 16C.

The measurement of inside diameter of the work W will be completed as described
above. Upon completion of the measurement, the driving of the air source 80 is stopped, and

20  thus the holding of the work W by the measuring stand 60 is released. Specifically, the
pressing of the pressing ring 66 by the pressing device (not shown) is released, so that the
tightening of the work W by the holding ring 68 is released. Thereafter, the work W is
recovered from the measuring stand 60 by the transfer robot 44, and is conveyed to the
recovery section 18.

25 The works W having been conveyed to the recovery section 18 are separated and
recovered in the OK work recovery box 90A and the NG work recovery box 90B according to
the judgment result. Specifically, the OK work meeting the predetermined standard is
recovered in the OK work recovery box 90A, and the NG work not meeting the predetermined
standard is recovered in the NG work recovery box 90B.

30 The separated recovery will be carried out as described below. When the work W is
an OK work, the hand 54 of the transfer robot 44, which has recovered the work W from the

measuring stand 60, moves to a position over the OK work recovery box 90A. Then, the
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embodiment, the length L of the work W is measured, and the measured value d of inside
diameter is corrected according to the length L of the work W. Therefore, even in the case
where a plurality of works W having a different length are measured, accurate measurement

15  can always be made.

In this embodiment, the measuring arm 106 moving vertically is brought into contact
with the top of the work W to detect the movement distance of the measuring arm 106 at this
time, by which the length of the work W is measured. However, the method of measuring
the length of work is not limited to this.

20 For example, as shown in Figs. 6 and 7, the length of the work W may be measured
by holding the work W by a pair of measuring arms 130, 130 to detect the displacements of
the measuring arms 130, 130. Also, as shown in Fig. 8, the length measuring method may be
such that the work W is set between a pair of CCD cameras 132, 132 to photograph the end
faces of the work W using the CCD cameras 132, 132, by which the length of the work W is

25  measured from the focusing information.

Thus, as a method of measuring the length of the work W, various publicly known
methods can be used.

Also, although the measuring section 16 is provided with one length measuring
section 16A and one inside diameter measuring section 16B in this embodiment, a plurality of

30  length measuring sections 16A and inside diameter measuring sections 16B may be provided.
Thereby, a plurality of works W can be measured at the same time, so that the measurement

can be made with high efficiency.
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length of the work (W) is obtained in advance by determining a change of measured value of

the inside diameter with respect to a change of the length of the work (W), whereby the

measured value of the inside diameter is corrected according to the length of the work (W).

2. An inside diameter measuring apparatus (10) which measures an inside diameter of a
cylindrical work (W) by supplying compressed air from one end of the work (W) and by
detecting a back pressure of the compressed air, comprising:

a length measuring device (16A) which measures a length of the work (W);

a storage device (16C) which stores a correction amount of measured value of the
inside diameter according to the length of the work (W); and

a correcting device (16C) which corrects a measured inside diameter of the work (W)
based on the length of the work (W) measured by the length measuring device (16A) and the

correction amount stored in the storage device (16C).



