29 Decenber 2005 | | NSI DE DI AVETER MEASURI NG METHOD AND APPARATUS
BACKGROUND OF THE I NVENTION Field of the Invention The present invention
relates to an inside dianeter nmeasuring nethod and apparatus. 5 More
particularly, it relates to an inside dianeter neasuring method and
apparatus for neasuring an inside dianeter of a mnute cylindrical work
such as ferrule and injection. Description of the Related Art We

i nsi de di ameter of a mnute cylindrical work such as a2 &8cgmbers asured
measur enent has so far been nmade by inserting a pin gage of a predeterm ned
size into the 10 inner peripheral portion pf the work by a person who makes
nmeasurenent. In the neasurenent using the pin gage, however, it is
necessary for the neasurer to manually make neasurenment one work after
anot her, whi ch prBEssiDE HHAMERER MBEASURING METHOD ANBb APPARATUS: he
conventional neasuring nethod has a drawback of poor accuracy because of
manual operation. 15 The inventor has proposed a nethod in which
conpressed air is supplied i ntBACRSROUNRE Bl INBENHDNport i on of work, and
a change of back pressure is detected to neasure the inside dianmeter of
work, in Japarma@oﬁaéﬁlmgmeppl i cation No. 2001-40669 corresponding to

I nternational Patent. Application No. PCT/JP02/01086 (which was, at the
time the present | WYSHEPUARRBERAHRES © AbISHR drmee rasupipg methed 3ndapraptysn own,
and assi gnesd tMoxTelpﬁu&ﬂ:ﬂ‘B/ ﬁ&ﬁiteglﬁﬁzﬁl 1h.@de2:ﬁhnﬁf&ﬁ@asﬁr|i@ dieand aﬂpﬂr‘d@@?dron was :
subject to an obligation of a55| nrrent% ‘F met hod has an  advantage that
because conpr eSEEYTEP mFide diamelpnpt & qrmd qlin Balt“ﬁék%}i?? o WdivFERE can be
made in a short perl od of t| e, and al so because of no wear, stable

measur enent capesenpiis rebérteven after | ong-term use. V\hen many wor ks
are measured al oneyh TR HEkPHahis # WAASAEASA TR o AR NAENRL, 1

i ndi vi dual works have variations in engt erent pressures ’are
detected evenM§2purgigat hasp & heep eadhley inwriag p niy gdee v aredetemmineAsizaintaabal t |
there arisgs anshh paGH Rftion ¥BhE @Bﬂk@g% plior RS e rttEent. SYYMARY OF THE

| NVENTI ON The present i nvent| on een achieved 1 n view of the above
situation, andnwr%%%t ezm@sage however, it is necessary for the measurer to manually make

measurement one work after another, which presents a drawback of requiring much labor.

Also, the conventional measuring method has a drawback of poor accuracy because of manual
operation.

15 The inventor has proposed a method in which compressed air is supplied into the
inner peripheral portion of work, and a change of back pressure is detected to measure the
inside diameter of work, in Japanese Patent Application No. 2001-40669 corresponding to
International Patent Application No. PCT/JP02/01086 (which was, at the time the present
invention was made, not published, not publically known, and assigned to the same assignee to

20 which the present invention was subject to an obligation of assignment). This method has an
advantage that because compressed air is merely supplied to the work, measurement can be
made in a short period of time, and also because of no wear, stable measurement can always
be made even after long-term use.

When many works are measured at one time using the above-described method,

25 however, if individual works have variations in length, different back pressures are detected

even if the works have the same inside diameter.  As a result, there arises a drawback of

variations in measured value.

SUMMARY OF THE INVENTION

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




2 accordingly an object thereof is to provide an inside dianmeter neasuring
nmet hod and apparatus capabl e of naking accurate neasurenent even if a
| ength of work varies. To attain the above object, the present invention is
directed to an inside dianeter neasuring nmethod of neasuring an inside
di aneter of a cylindrical work by supplying 5 conpressed air from one end
of the work and by detecting the back pressure of the _conpressed air,
wherein a correction amount of measured val ue of the iR3RgceMH
according to the length of the work is obtained in advance by determi ning a
change of nmeasured value of the inside dianeter with respect to a change
of length of the work, whereby the neasured value of the inside dianeter
is corrected according to the length of the work. 10 The present invention
i s al so direct®eordigslyan phiet tereefi intpwrevidese inside Hingetappensering snethot kndeppeatsur es
an inside di anawe&fmaﬁin%xécm@%eﬁﬁﬁenm{é@elbisfa%dgnn'o}'w& qpressed air from
one end of the work _and. detecting a back préessure of the conpressed air,
conprising: a |engfha g%??ﬁ@“ﬁ%VgEQWWWF@hﬂWE%§@ﬁé§ﬁH0F@hgﬁhﬁamﬂwhe wor k;
a storage devigeswtisGltidl of BSis@ing @R InsRE b AR W] W indQEal %ﬁsb?rs%lﬂ@é ue of the
i nsi de diangter according to the_ |l ength of the. 15 work; and a correcting

c

devi ce whi ch cOFIPEEEY 215 B LRe+d of thr ¥Ptkend Prdrticing b back eresraofBigsed on  t he
length of the womlessoaais whedinhycoirfitiod AGhMoMRASIWIIVAGe IR GSid@REmLke
correction anpyunt sgo%eld i.n the stsorsltﬁjglF evice. According to the present

i nvention, the RBass Pl vt tsv ek o 3 affyancrhydeternuning a changs g

accordi ng to thasirghgiue obthe trisige doinktetbyithabdpadt il Adghafgc@O [ch @8 bf B8 wofDHRHQf
measured 20 v i.nsi.de, di aneter accordi to the |ength of the
work in advanctg% H%%'gljrede%%% Ogglgﬁr?sgf gla%tﬁg'ﬂf%??ﬁﬁ accf%rﬁﬁ‘ﬁéo Wﬁg"égth\‘/’g ePAkt he case
where a plutality oThopoesk itventionds adsovaedieido at @ridd daddte nRasiug GgharaBRl EF

DESCRI PTI ON OF, (EHE, DRAVY : nature of this invention as wel| as other
obj ects and advantages t%??ggpglm\?\nr%ﬁt#a&h“d’é‘? SR XS ?%dﬂfnr‘i’ées%l\eﬁla'lrgﬁﬁ“ng with

reference to tHe enged éwp’ﬁwyimd@ydﬂmmggqckipmsm of khelcbiapressedfie can@Binghar act er s
desi gnat e 1 Ne |SAfPnAkuril Bkl AR b RLIUINAN Ine W0B: hLAHEES ARG MASLEL D'
Fig. 1 is a general configuration view show ng one’e .05| ment of - an i nsi de
di aneter neasUFTHE" ApP4r Hmrasured valse e tiaingde dipmdierapeordinets dhetleniginvag fiei on;

Fig. 2 is asscherabhd £coreiigIBaW Mchof & 4 GLsatd ﬁﬂd@éiarﬂcl&%@}ﬁ@m sed®tion;

30 Fig. 3 is a schematic view show ng a configuration of a |ength nmeasuring

section; Fi g.Pgepeth of thepakamesspred Puihe eneimsgs uanedsnice gk the fosmcton amaanit nsi de

di anet er measurardign 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 djameter
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



29 Decenber 2005 3 section Figs. 5(a) and 5(b) are sectional views show ng
a configuration of a neasuring stand; Fig. 6 is a schematic view show ng
anot her enbodi nent of a length measuring device; 5 Fig. 7 is a schematic
vi ew showi ng anot her enbodi nent of a |length neasuring device; Fig. 8 is a
schematic view showing still another enbodi ment of a | ength neasuring
device; and Fig. 9 is a sectional view show ng a configuration of a work.
10 DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS PP &esamberafiisdi nent s
of an inside dianeter nmeasuring nethod and apparatus in accordance with the
present invention will now be described ingydetail with reference to the
acconpanying drawings. Fig. 1 is a general configuration view show ng one
enbodi ment of an inside dianeter t5 measuring apparatus in accordance with
t he present i nsemni on. An inside dianeter nmeasuring apparatus 10 of this

enbodi ment is conpo ed sectij.on 12 a conveyance section 14, a
nmeasur enent secti onﬁ%g',5%2ar?iegé@vaéersfalsoélgtvf%vﬁ Shogingh Cﬁﬁ@%{"é@tmgf’g? BHFEUEESPISn 20,
and a control sect Fignb saothemhawigw shibhing anoisir ciebadli raame b far legaSeds g
apparatus 10 ngagures the inside dianeter of a work 20 W and sorts and
recovers the work 'Waccording to the neasurenent result. The work Wto be
measur ed is’3a ferruFig;7 4 sdpmptcalicvcdnning rorthep embodimneofadengh wedvatga i nut e
cylindrical shape, for exanple, having an outside dianmeter D of 2.5 nm an
inside dianeter d of 0.125 nun, and a length L of 10 nmas shown in Fig.

9. The feed secti onF#® ifasghsmptiferisyothrwing stithingthf eambodigsty df A leh@thinseagurioy i ded
wth a parts &5ick.eeder 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 whi chPgnes ferkaalyigy shosinesrgalevrationpfe watkr ecti on. The
conveyance section 14 conveys the work Wfed fromthe parts feeder 22 to

the .measungnent sectdon i, ¥g§gRﬁqﬁ%§¥)§ fﬁﬁ%ﬁgﬁé%& @83@5 nmeasured by
t he measurenent 30 sectl - own 1n
Figs. | and 2, thispeRAVENMIERSE S LQRsideHiameter rmeasuring method and apparatus in
accordance with the present invention will now be described in detail with reference to the
accompanying drawings.
Fig. 1is a general configuration view showing one embodiment of an inside diameter
15 measuring apparatus in accordance with the present invention.  An inside diameter measuring
apparatus 10 of this embodiment is composed of a feed section 12, a conveyance section 14, a
measurement section 16, a recovery section 18, a master storage section 20, and a control
section (not shown).
This inside diameter 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 I 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,



i ncl udes a conveyor 40, a direction changing device 42, and a transfer

robot 44. 29 Decenber 2005 4 The conveyor 40 horizontally conveys the work
Wfed through the feed port 26 of the parts feeder 22 to the direction
changi ng device 42. The direction changing device 42 turns the work W
havi ng been conveyed horizontally by the conveyor 40 through 90 degrees to
raise it to a vertical position. As 5 shown in Fig. 2, éﬂs dire(r:?té)i@%n
changi ng device 42 includes a clanper 46 and a cl anper2¥ lHSaeRYPer ani sm
(not shown) for turning the clanper 46. The cl anper 46 has two clanp jaws
46A and 468, and is configured so that oneq clanp jaw 46A can advance
toward and retreat fromthe other clanp jaw 46B. By the novenent of one
clanp jaw 46A toward the other clanp jaw 468, the work Wis clanped, to
whil e by the novenedhe faveyaetdppesialle cefivesdhe ik W fod thypigk tiefeed ponéé afitred.
The cl anper t Upaids RGdIRE AR S diddAshelnB@eGlaper 46 in the range of 90
degrees by turning_ a rotating shaft 48 fixed to the clanper 46. The

cl anper 46 adopts twWB® HEEHQHeBaeing devigsr4226nt the Werk 8 havinepepmennugyed ( post ur e

i ndi cated wi t hhi@bitdiylbly RRSohvRydridd thratlzh 80 HegfecY B hibCifdo a vERRASEERSH NG POSt Ur e
(posture inglic ted,rng'.tg |ternate Iong and two short dashes lines In Fig.
2), 15 by b@i n%“’%i?f &fi b@‘%“ﬁ%““&? dpepg deich Fhigclides R almePR 46 ERda Ppepeatineneg of

t he directi on nkhngimgoddvwgdordimigierBrpheicabove- descri bed configuration
will be as descri beqlhb | ow. 6The front end portion of the work Whaving been
conveyed hori zont al M° BFRRE S AP A 4phagd ssatfigeted vp that oge hody
portion of thelangl jawpés ctadadnct o@atiandrictied: \f/rﬁﬁltﬁdiﬁ]eﬁélﬁlﬁﬁ)éw%go ?;ﬂhﬁt e )

i ndi cated wt [ ines in Fig.  2). 20 en the ont end of the work W
cones into coﬁ?g‘%b el\%iok h“etc aénpﬂ%‘ﬁi‘/&bté’?‘%”id P e FlAmp ﬁwa%eﬁhe Herk Wisrdampednp j aw
46A i s cl odéd, wibl biificopvethent fortendppeite dparivn, ar vakk WieumDindpedV i s cl anped by
the <clanp jaws 46 ter Wor has ,been cla ,. the clanper
turning mechani smﬁ%mﬁ)\g&ﬁmﬁ@ n?eﬁ}riaﬁllﬂ tgnélﬁgﬁﬁ%?ﬂfg “’ttﬁ‘? E?ﬂ%ehrg%ggd%%e@? BB
(stat e i ndi catd@ngiarefatgistsafitdtioed toyrlampdr 4600 TBhdahped dS i gts bivd@smicy aFi g.

2) . Thereby, tihea el kcWihs [ - B ' 2 Lthon,  Afterwards,
the work Wis trans,ferrel("ltllc= ?%%ﬁ(ggsfltrrgﬁgfaeé%%%kﬁ%%mﬁ esﬁ)ngﬁﬁ'ei)g%dnav"giltg to the
measur enent s &PPHEHHE Bostur{gostypindicaied Yighuernals lang eed twosherhdashee tikesW Fig. e
neasur ed fnomuyheingdifieabl @R claPaiething ndakhss. 42 to convey it to the

measur enent section, 16, and al so conveys the work W having been neasured
by the nmeasurenent SEEPFBYPMRS e iregHan Fapgtsdayics 42 having thegiboyssdesdnguh

configuration will be as described below. The front end portion of the work W having been
conveyed horizontally by the conveyor 40 comes into contact with a body portion of the
clamper 46 at the terminal of the conveyor 40 (state indicated with solid lines in Fig. 2).

20 When the front end of the work W comes into contact 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 32 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 in Figs. 1 and 2, the transfer robot 44 includes a rod 50 novabl e
vertically, an arm52 rotatably provided at the top of the rod 50, and a
hand 54 provided at a distal end of the arm52. The hand 54 has clanp jaws
54A and 54A, which can be opened and cl osed, at the |lower part of 29
Decenber 2005 5 the body thereof so that the clanp jaws 54A and 54A hol d
the work W The work Wheld by the hand 54 is recei veﬁl %d tran%}rred by
the vertical notion of the rod 50, and is conveyed by ? ecembgr tion
of the arm52. Therefore, all of the direction changing device 42, the
measurenent section 16 and the recovery segtion 18 are arranged on the
turning path of the 5 hand 54. The neasurenent section 16 neasures the

| ength and inside dianmeter of the work W As shown in Fig. 1, the

measur ement se®¢ pesty thegeof spctha dhes-lampl jawsg i ame 8%Auhdlah the sedt WonTHEGYArk Wheld iysi de
di anet er measugk Rad {ol , L ' | engt h

measuri ng section 1%&%&%@3@-@? tgﬁél?g?%tbgmg?&gk%%@wﬁgﬁggﬁﬁ%‘ﬁﬁgoni@'ed
nmeasuring sect PYORe Beyeruasion ofybe ha) dEherdion®. aitrndtha direstign ¢hangiassdervicnd?, devi ce

102. The work Redsetefent QribiS1 60ind HRIQEvRsetiR 1RAMEIE ed Q%Qm%tmé}ksﬁu{} d 54 of
y ol de

t he transfer rog)g% 44 to hold the work Wvertically. The wor r 100
I

is formed into™d umar shape, and a work receiving hole 104 having a

predet ermi ned dept hThéméa@urtRsh: ¥eRfidd GahdaYurdstne 10Gth 4.0 Phsiira8mOkr JeRE VL Y.
hol der 100, Thg %Dl‘k. A S LHel d vertically by bei ng inserted in the work 15
ozl i 1 2

recei ving hol € GEFPSHERE FToHET Hobrledss 3 Boethasayriegseetina 1pAmgt h of
the work W by ibsidtentiinmger measiBaSEERY 6B) 474 3 OhtroliiiGlBcoves vertically, into

contact with the to?heqf he wor k Wﬁanijé% det ecti ng. t he novenent di stance
of the measuring arm 16'!95c°'ha1 P YTHE STURR! 833%%1%'6?5%%351‘% Yoo Thelergts posed
hori zont al 'y, meuringeecgoroiiAniek a eiock Hohier Hofand 5leRgh SuppardRAcO2an el evati ng

el ement 114. At theqgl f the urin rm,1 s fix a

contacting el enent {%8‘?&%?1%%(;9@5bd}sgoﬁegﬁnatﬁ%'ingwglgﬁtpﬁtgt(’?&hek‘?‘fldtaﬁé’?fdhﬁﬂarﬁfert he

work W This mweetthmsthiolighetadnrerd@sy.i Abewvpdrhatdes] 08 iihesd iiea S@NBRF SO t hat

the contact Wgkhet 38 4R Qeivh j ed, by.the pressure sensor.
8 l{be a Igéea\hnts‘%q%oée\é\@lﬁI}éav\sﬁ{ﬁpaaargﬁzeﬁﬁg%dddaepté 15 th ITHGB VCI%CHTliéﬂt e

The el evating el'enent 114 Is orte ul de rarl
provi ded on a RBcgRidhe worlholder d0%:| dhawpigY &l heldpntticdly by ibsing msamed inthe worl
threaded hai e, re@ighgaoqbgw rod 118 is engaged with the threaded hole. The

screw rod 118 is digposed in parallel with the guide rail 112, and both
ends The length measuring device 102 measures the length of the work W by bringing a

measuring arm 106, which moves vertically, into contact with the top of the wark W and by
detecting the movement 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 5o 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 in the




thereof are pivotally supported by bearing portions 120, 120 forned at both
ends of the post 110. Also, the screwrod 118 is connected with a notor
122 so as to be turned by driving the 30 notor 122. Wien the screw rod 118
is turned, the elevating elenent 114 noves vertically, and hence the
measuring arm 106 noves vertically. The notor 122 incorporates an encoder,
so that the nunber of revolutions of the notor 122 deteci) g¥ Qﬁmﬁncoder
is output in the 29 Decenber 2005 6 control unit 16C. 39 hed) it 16C
determ nes the novenent distance of the measuring arm 106 fromthe nunber
of revolutions of the nmotor 122 detected by the encoder, and calculates the
| ength of the work Wbased on the novenent distance. Modre specifically, the
|l ength of the 5 work Ww Il be nmeasured as described below First, a
mast er havi ng @nigiownldength is set in the work hol der 100. Next, the notor

122 is driven to lOWCo}ltpcﬁum??&y&éteglgngFAAig\% atcfmt%;ﬁeo L OSI L One&ﬁat a
1 on

predet ernined neasurenent waiting posi nea§ﬁPFW§ 2% k106
| overs, the cofitralt pyrgbee Plametttions@@hequrters! 22 At dptiaencoded dndichieulilephof t he

mester at a cagig & biAIGR bl ddifoEAB ARl tgloaeggéc*-}%amg. Tnehpfier ot ed

by the contactlng el ement 108, the lowering o asurin
st opped. This WUEW Vidlbeimpatugadandeseribefhbelpwef er ence position. The control unit

16C cal cul ates a npyg Mmf*{ﬁﬂlggﬁﬁovg‘% h i E@lﬁ@@&{(h&geralw lli)etxt thre?n%]tc%rhien a

measur ement maltuéglp05|t|on to the “erence position, and Stores
nmenory i ncor poratseHivEmiodeyet meiﬂ%nnmﬂnﬂ%eemgmem POS#lh@dm prdetePBingds dri ven

again to nove hdACurbRHSWhiliAGpoakiBh. 1 Ofnd VG Gsidrdg Bxlﬂ?mcsléwé?@ﬂé%rﬁﬁgﬂé‘d%@é&' ng

position. The %Ester is recovered fromthe work hol der
to be measur ed\Up SR pnfast wifh ke (Rg phthgyoRster ahpesiaig beightt hW herothpeonmptwilhs

driven to howahe ﬂnmr nRiastEd If}ghacfdﬁ'tactilr@@kﬂ@ﬂd 108, theOBWiE oFBe slEEAR Yrm\Waé ksl N0
posi tion. Wien_t suri n arm 10 wers, the contacting elenment 108

comes into confoge(fd mfﬁeﬁp%f“f § @en ehiBe ftrsacopostion, Jbecantil W gRcaledgesmen

t he contact wirtdvetnbre disande SO the ahedsexdiizadn Y6 ﬁmtlﬁmaﬁf&ﬂeﬂxgmk@rpemonw&w t he
| owering of t | [m.106 is sto The control _unit 16C
cal cul ates a maglggn% %&’%o ?ﬂéjﬁcoees§m?PS%O&YH‘EC%WSWM%mﬁB‘?FP BH 15 the position
at whi ch t he nmeasurNexy tarmeidr0B?2 sstdgipen agdin enmotehiee m@l@.ﬂfng@hn WSl dpwa@ G the

determ nes @ %eﬁmr&%mﬂﬁn oo ghe m§§?gr 1J rreé)orrérgti] gorﬁﬁllc & Cid g?@lf %{dgz e eThi S

di spl acenent x fromthe reference position correspon
bet ween 25 a‘YPé'SWethFE‘ﬁi}jt“ﬁdLSGetand t he work Iength L. Therefore t he

control unit 16C cahgthtdsk Was been set, the motor 122 is driven to lower the measuring arm

106 again from the measurement waiting position. When the measuring arm 106 lowers, the
contacting element 108 comes into contact with a top of the work W at a certain height.

20 When the contact with the work W is detected by the contacting element 108, the lowering of
the measuring arm 106 is stopped. The control unit 16C calculates a movement distance S
from the waiting position to the position at which the measuring arm 106 stops. Then, the
control unit 16C determines a displacement x (x = 8 — Sg) from the reference position.

This displacement x from the reference position corresponds to a difference between

25 amaster length Ly and the work length L.  Therefore, the control unit 16C calculates the
length L. (L = Ly + x) of the work W from the known master length Ip 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

tarns to move to the measurement waiting position.



length L (L = Lo + x) of the work Wfromthe known master length Lo and the
determ ned displacenent x. The neasuring arm 106 is rotatable to avoid a
collision with the ann 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 nmeasuring arm 106 is positioned at a retreat pom%ﬁb ct? at the
time of neasurenent, it turns to nove to the neasure Qe Oéésmion.

29 Decenber 2005 7 As shown in Figs. 1 and 4, the inside dianeter neasuring
section 16B includes a neasuring stand 60; for hol ding the work Wand an
air mcronmeter 62 which is held on the neasuring stand 60 to neasure the

i nside dianmeter of the work W The neasuring stand 60 is di sposed on the
nmovement path of théspherd isdigof andyk thednsidegingteter meastyirtg sdtion a6kl icklobids t he

work W As shomthsiirthg FiafB60 B iR e R6R W aﬁd@% ﬂ%ﬁ&%éﬁ%z vﬁ'ltlc%qglée%) on tgd udes a

measuring stand body 64, a pressing ring Ing rin
pressing devi cBAHEE SSRLUHY mﬂ%@%&%@ﬁqlwtﬂspﬁtwww&y 64 is di sposed

vertically, and an merm&m%ytamm oédd dnShe &&EH&Q ﬁtﬂoﬁthgﬁ"ﬂlh]j@la:)ftﬂgrtl on
thereof. A circular recess portlon is forned m? ace to of

er
the measuring SPERTOMEE) 2ehholds ey workdy k 48 ehoaimin Figs- AW é“d7§‘?)|- e fngpspBRE i n t he

center of the S‘t:ﬁlﬁeﬁﬁlcllil@d’sfaln&ﬂsu?lgg st oPEK a pR& g VinB 86, Q(hloﬁméél‘mh%fﬂ 24 fred
coaxially with the ? Z ?B‘to?{( passage 70 so as to have a predeterm ned
depth and an Jppr Okt &t B-same diameter as the outside dianeter of

the work Wto be rre’alsaln@dmnghemmoegs& llaglspdsagveﬁ&am;sarfdchrnrmdumﬁﬁhss% oMy ik
i nsertion hol e Zj@ in a ce ntra t her eof %w t he wor k |nsert|on

hole 76 is forneg db? ‘éemr 3\‘/%‘ gr?gf ¥ ILFS ERTIPY SfgErd PranerPeaSut si de
di anet er oft® t hfé theamdasuing im bpdess amlgi warkigc&Gng $olé THSie Fdr@ed inthddBfer 2GRS S

portion 72 face qf , t asurin d 64, and is
suppor t ed so as g B%nt] dﬂgworkrf%ei? qlofce@esfrsgg% P16 yﬁtﬂlniﬁ’ afrﬁlégpé&l al
direction wt h)aﬁsmﬂ ﬁOrfmefrEO[b@mlapnlrr@plaﬂnuﬁeaclepth)ﬁndtalnepprenmstsly tponine Giamé2r Aetieng

used as a_gui dRIGLACE: oL LW AWEMLARE Of the pressing ring 66, a

tapered 20 pressing face Ichis inclined toward the center is forned,
and the holding ri theEPBeS?‘%g fing 66dpivrrardtwithiaterk ineerimdwki Tadn 4 eeogal pBtiol he

hol ding i ng. QRertct, hOLERAhscRbn EHRTE IsforffRA &4 han0GhalSiCOBRAY RET ) DO
recess portion 72 formed in an u per face of e measuring-stan Sdy 64.
The hol ding ri aﬁé)u@ge fliameter of the work The pressing ring 66 is inserted in the recess portion 72

formed in the upper face of the measuring stand body 64, and is supported so as to be slidable
in the recess portion 72 in the axial direction with the inner peripheral face of the recess
portion 72 being used as a guide surface.  On the lower face of the pressing ring 66, a tapered

20 pressing face 78 which is inclined toward the center is formed, and the holding ring 68 is in
contact with the pressing face 78.

The holding ring 68 is formed of an elastic material, and is contained in the recess
portion 72 formed in an upper face of the measuring stand body 64. The holding ring 68 is
disposed coaxially with the work receiving hole 74, so that when being pressed by the pressing

25 tace 78 of the pressing ring 66, the holding ring 68 is collapsed and the inside diameter thereof
isreduced. The holding ring 68 used has an inside diameter in the ordinary state {no-load
state} which is larger than the outside diameter of the work W to be measured. Therefore,
when being inserted through the holding ring 68, the work W is inserted substantially in a
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



di sposed coaxially wth the work receiving hole 74, so that when being
pressed by the pressing 25 face 78 of the pressing ring 66, the hol ding
ring 68 is collapsed and the inside diameter thereof is reduced. The

hol ding ring 68 used has an inside diameter in the ordinary state (no-I|oad
state) which is larger than the outside dianeter of the work Wto be
nmeasured. Therefore, when being inserted through the holdlng ri 38 t he
work Wis inserted substantially in a non-contact st af® Deggmaes I%ho Ssi ng
devi ce (not shown) is configured, for exanple, by a cyllnder to press the
pressing ring 66 toward the neasuring stangl body 64. The operation of the
nmeasuring stand 60 having the above-described configuration 29 Decenber
2005 8 will be as described below. As shown in Fi Sga , when the work W
is inserted thFBlgns tssgibedbalar i fsehevion FisoP @) vhen tge ¥Pr v%srsessgﬁwhmgmhfsa

the tip end powbik@ie@bn hddE76/REHE Vé@él? ﬂlr%%rﬁl@ﬁb ¢ potiBR of¥RE Kofk&P & iNeRG 1ROl e
74 formed in the rreasurln stan In this state, as shown in Fig.

5(b), the pres$%f ﬁ'@r PSSy ing Ao d4 B’r"’é’%‘%’édh“twg ftars bedwustir |Iﬁ§"5§53&?n655!3®‘l'5'}/1964 by

t he pressing 5Fid E‘Mb)Ctﬁe ﬁﬂaﬁtng%hQWDs pre%@ [(ﬂmiﬁ tﬁé"ﬁe:@ﬁﬁr@'sﬂgd de@gf-l @§ e %re%@[lgl apsed
by the pressin essing ring 6 he i nside dianeter

.
t her eof bei fg ‘?eéf @@H’;hoﬂg) 3}‘?@%’? holdingring o &rCDB@F?Wé?%‘eSSIB%FaP? GFPidE t he
work Wi s ti ghfreniag nbg/ﬁtt hﬁhﬂlmledlaﬂﬁtcf thérgof®8ing Vﬂﬂ@feebYAid’@sMﬂhKOWﬂ peripetad i N

the measuring stan t he ho| di n rln n close contact with
the outer peri ‘Eﬂwéornf 0 """f‘?%%%hﬁﬂwbyveh%‘? é‘g@g réf’g hei“%ybkfedmﬂﬂgd‘s Eﬁ‘i‘ Heh the
work Wand t hemwovrkgseeebli mdsofndt Boldidg ridd68A¢ mtctnee ¢dnte vath thesmtipagphtdp@f wor k
W the pr essurg %B{Qlk%e%eg clé %Egl 19 r%§ ﬁe(%%n{elep ge work &m% @e twﬁlté(ergc?:évn gﬁz\%&c €1s

rel eased. Thereby, restore
posi ti on byt he el agﬂhetlmesft@mb\n@ lhgwcm \ﬁ,fthdm@sdmhmbhagonher;gesﬁﬂg msgrmi byhus

the holding ri L) pﬂegsﬁlﬁld&f ée_?l?_lrecl[cg%gll Or'ﬁﬁregf Itﬁeﬁyt esS) E gg‘%lis I%SIitg' n?%xqule or}rfgenrqease d. so

el astic restoring force. anih
t hat the work BAséiambhke plagip yasigring Breast @hbwlmg nng:ﬁSgandzthuSttlh:ehoaiurg rivig dtpedinnet er

62 includes anegkd @Qh’é’&%uéghar@eté’rggﬂlle%fag{c t&%oring ARG a@hé%b'; 08 %1?&1} % of ¢ 84

Fromthe air source. 80, npressed air whose tenperature an
have been regﬁ‘l’ré%ﬁr‘flﬁfs?qﬁ?éﬂat\y‘él“ij’é% i@nByisprrdd. The regul ator 82

regul at es tihe conpr asseemad Flgsduﬂ@'airﬂﬁ'cmrﬁét&rmtlﬂﬁld@d an aﬁ'@b\fr@&e&OSQre@ﬁlat@isSZto have
a fixed pressurg }pﬁe co?r;g ﬁssed air whose pressure has 20 been regul ated
to a fixed val H& B¢ 18V ¥6Ltil ator 82 is supplied to the air supply passage

70 in the neasuri ngrositandr dody 804 cohredsditniAHosComnp@ith@ anBkhmidity have been
regulated to fixed values is supplied. The regulator 82 regulates the compressed air supplied
from the air source 80 so as to have a fixed pressure. The compressed air whose pressure has

20 beenregulated 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
controf 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



The conpressed air having been supplied into the air supply passage 70
passes through the inner peripheral portion of the work Wheld in the
measuring stand 60 and is discharged to the outside. The A/E converter 84
converts the back pressure of conpressed 25 air at this tine into an
electrical signal by bellows and a differential transfornmer mhich are
incorporated in the A/E converter 84, and sends the electrlcal

the control unit 16C. The control unit 16C cal cul at es?? i€ aneter
of the work Wbased on this electrical signal. The calculated |nS|de

di aneter is displayed on a nonitor (not shpwn) provided in the control
unit 16C, and also is recorded as data in the nenory incorporated in the
control unit 30 16C. As shown in Fig. 1, the recovery section 18 separates
t he wor ks W hakavagetieetic piedeiesmined stindprg, 20K rasovekssithenph i Tk rdeaesy seetiond 8 has an
predet er m ned @KWeg)ve@%gx Ha ME&?&mu\@“x@@K WOrKPR LI wBAUR Yoy BYEodROt ML

the predeterm ned standard, and recovers them The recovery section 18 has

an  OK work re®bsamjpitgghe 156,1!(’01‘1%'( Bash plhaiesry ey thaxcoR0 erdOBAp fpraed iNGaRer k

recovery box 9MBpe Widke GREtsRic R dpen, tahtﬁod%ﬂﬁ%fmhka?e difRSR Afthetl G MEGPHE blimbOXes
90A and 908 is, f into a box e whose upper side is open, and both

;
of them are’di 'éﬁfigglé tB‘?f"r‘T“ﬁfé‘ rﬂ%éﬁeﬂihe Q‘EkrW(Hf‘V“E%e%COr'ié‘?i’ﬁd Bﬂ‘héfraltsﬁémﬁ’?ta‘ﬁsf er
robot 44. The iwondanvehav Bghbe@arecOBM@YRE 5D akdWBlhARTEH QIO atd 1S

uncl anped over_each of the recovery boxes 90A and 90B and is put into each

of the recovely Box PRES A mmster storage section 20 stores a plurality of
masters. As shown i i drsgr stdragetslacemn pmsbres a BhdlitRgEmSeed. | OB sifvniis FRl Qwieded

w t h a naster [}2155965" ?tgr%ﬁ%sist‘:ﬁ 10]1 Qg lS&I’QVl(Fed r\"(f"?tg %‘géftgrtS%g$gFl§ﬁ£&ho ng]#g% IStIﬁ%DE.!:aor ITEd

into a bl ock shape,
pr edet er m ried u%wﬁﬁwamemﬁ@nmeummshubamﬂhpmhﬁqamnmgaamﬁguh&am&ymgathe mast er

st or st or agel oy EHIpAE Bl SRl Hrae' et AR aTT SR Rk S ORE W5 o
the transfer Fsoesteddre stongdl in He masistserags hdesage hol es are al so fornmed on the

movenent pat h of t h?he Iﬁétepﬁglq %ﬁmd g@ﬁrd%p%ed &ht'l?le etIT%B %ﬁlnofgl% har?cl( %nof 91Ut of

the master storage stand 88 a can conveye e neasuri ng stand 60
by using the t¥a&fstapotfdiand ﬂlamastqrh@w@aml?sare %S@c,f@rimﬁ owp moesnmupaﬂdcpfthee

control of ;eackin@secenets ‘I}eﬁbl & hn 6ORSh bhtW ihe glastgrllﬁjrag@ Shaflegddl ANBLET
nmeasuring apparatus 10. his control section carries out drive control of

each piece of VYRYFhEMe BREERE MY OOy A5 B rapicsiobstdd: bef or ehand.

The control section carries out drive control of each piece of equipment constituting
the inside diameter measuring apparatus 10. This control section carries out drive control of
each piece of equipment according to a program stored beforehand.

20 'The operation of the inside diameter measuring apparatus of this embodiment having
the above-described configuration will be as described below.

First of all, initialization is carried out.  First, a zero-adjusting master My, a
scalcéadjusting master My, and correcting masters M, to My are set on the master storage
stand 88,

25 For the zero-adjusting master My, the inside diameter dg and the length Ly thereof are
known. For the scale-adjusting master My, the inside diameter dy thereof is known (however,
dy # dv).

Also, the correcting masters M, to My are formed so as to have the same inside

diameter dp as that of the zero-adjusting master My, and the lengths L to Ly thereof are known.
30 However, the lengths L; to Ly cach have a different value.
The operator inputs the inside diameters and lengths of the varions masters

beforehand in the control unit 16C to store them in the memaory.



20 The operation of the inside dianeter neasuring apparatus of this

enbodi nent having the above-described configuration will be as described
below. First of all, initialization is carried out. First, a zero-adjusting
master Mb, a scale-adjusting master M/, and correcting masters M to MN
are set on the master storage stand 88. 25 For the zero-adjusting naster
Mo, the inside dianeter do and the I ength Lo thereof ar Known. r_the
scal e-adj usting master M/, the inside dianeter dv therggpﬁ@%}%{\/é@%s
(however, do mdv). Also, the correcting nasters M to MN are forned so as
to have the sane inside dianeter do as that of the zero-adjusting master
Mo, and the lengths LI to LN thereof are known. 30 However, the |engths LI
to LN each have a different value. The operator inputs the inside dianmeters
and | engt hs of the Waxt bekngthgreesntng dseitoBlrahthe pin midremgeriZan calimited. 16C t o

store themin the mgjry, tr%?feﬂ%ﬁcﬁﬁ%ga%es%{?eoz%m]z% justid exgaslep%o ogﬂﬁﬁh*é f&@SUr i ng

device 102 and the alir m cromneter are call r the transfer
robot 44 t akessterage sead 88,a0 epaveyn the pasierde thi/iengi tmegfuripg) echierskods dhorage stand

88, and conveys.d. Khﬁggﬁ% Ecrm;ésiaﬁnhﬁ%}ﬁmor@amwfm1&3&%&%@@&{1%@

zer o- adj usti ng_mas is set in the work of the length
measuri ng séct fesriettippof thazemmadjustine masigr ¥p wilhe pederged as drs¢ribad st er MO wi l |

be perforned as deS@frsthﬁdhmbmthéikarngrmome:; Ragl norls OF ztBQdjiRR ahgt NMobot
44, which holds the zero-adjusti nq( nast er noves to a_position over the
%

wor k hol der 108V RosieR %"ef 1 PP 98, and We“'ff?gf‘éﬁ}?OSI‘t‘We Thereby, the

zer o- adj ust i ngzdi@&dj@tindviashe Ml hbiy bl e nhraryd i Sidschisd inAEBIdre ehcéiling Rfe YIiK the
receiving hole 104 j wor k hol der 100. 10 After the zero-adjusting

mast er MO has B%%rli‘odd?fslégt ed in the work receiving hole 104, the hol ding of
the zero-adpusti ng st e zad@adpystibdr@asheang h%ekrﬁinieﬁk@ﬁ&&d&worl@\f&cﬁﬁng rRll€aEH ng,

the hand 54 r S war d. .. Ther eb dj ng MO.i s set
in the work hoﬁaﬂgﬁm B%B C RO q%uspng[r%laﬁéfl\dg,ﬁ m%a%lnsd 5I‘%I Jngl%‘%fre':r!r] 1 af‘??éthleengt h
measuri ng devi bad30Riregs wosrd | Fhecby, thﬁzeaiﬁacmspnthateeivmlmdmnletvmelaholqms| tion.
After the zerojgdjusting master MO has been set in the work holder 100, the

turntable 124 1s rotationally driven. Thereby, the nmeasuring arm 106 is
tur ned and noved f r éwthistane, the measuring arm 106 of the tength measuring device 102 is positioned

15  at a predetermined retreat position.

After the zero-adjusting master My has been set in the work holder 100, the turntable
124 is rotationally driven.  Thereby, the measuring arm 106 is turmed and moved from the
retreat position to the measurement waiting position.  Afterwards, the reference position is set.
That is, the motor 122 is first driven to lower the measuring arrn 106, When the measuring

20 arm 106 lowers, the contacting element 108 comes into contact with the top of the master at a
certain height. This contact with the master 15 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 Sp of the
measuring arm 106 from the measurement waiting position to the reference position, and

25 stores the movement distance S 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 iscompleted. 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



retreat position to the nmeasurenent waiting position. Afterwards, the
reference position is set. That is, the notor 122 is first driven to | ower
t he measuring arm 106. Wen the nmeasuring 20 arm 106 | owers, the contacting
el ement 108 cones into contact with the top of the master at a certain

hei ght. This contact with the nmaster is detected by the contacti ng el enent
108, and thereby the |lowering of the neasuring arm 102 i S stotg) Th| S
position is taken as the reference position. The cont£8ID&FSMLEr 05

cal cul ates the novenent distance So of the neasuring arm 106 fromthe
measur enent waiting position to the refergpce position, and 25 stores the
novenment distance So in the menory incorporated therein. Next, the notor
122 is driven again to raise the nmeasuring arm 106 to the neasurenent

wai ting positigfmelamenpsurinhesciaarlABaliThen, iRseiosadjustingtmasiraMo §s selrin iemnebarinpyve

the measuri ngstﬁaranmﬁe;ngdé&lﬁn&&nﬁ hin %%Jn'lgﬂ By the above-descri bed
operation, the calibration of eng neasuring device 102 30 is

conpl et ed. Subsequefhhkq spiting hféh%er"o i ustsrresisr M6 3 pexforongl piyreadribel] bEAth eFirtthe

measuring ar m d@Banh3s of S kL SIbd: 94, bhen LIl fﬁ@&cr@g(ﬁhstnlngﬂmstér @eggc]c £r robot
44 recovers the zero-adjusting master MO fromth and

conveys it to ROEORPYET Be motursgsent 6. aphigwers whijg bodingshe W&@Qﬁ'ﬁln@mm Moon
16B. Then, t heTieebtadidStjuftts Fashav, MR tyshSiRhd %@13 {REIRARE %H{gnseﬁlt)f’im d 60
of

of the inside d#&a%e &lr measur | ng section 16B. The setting

zer o- adj ust i ng® TR REFSSIG 198 PF-o rAFdlYS tirge, éf@szé‘?oraﬁlé‘éme@FWMFlsﬂ@Fﬁtedmﬁe hand
54 of the transérkinséroftolsd# in Mht@hrhé’}é)lirﬂlﬁnérB&pﬁ&ﬁ&hﬂﬂﬁci@lﬁ)bﬁgn mRRb&hceM,
noves to a 5 p05|t|on over the measuring stand 60, and [ owers whil e hol ding

the zero-adjusting master M. Thereby, the zero-adjusting master M held
by the hando54 is i ABenlteogrotadjubing nvesekni NS BEdniigBriediOibe wobk infrtiol BolB7€SSi NY

ring 66. At thj L the zero-adj usti M is inserted in the
work inserti ort}hi%qtldeige ey gu“fné nj'vf\llllillter }’éﬁ%ﬁ%g%‘j‘ BEFTIHer AfteUrisHng, By
portion ther edfand%leseatswpmd@bmpﬂzﬁn@dter the zer o- adj usti ng rraster Mb has

been inserted in t hﬁfté’é"?ﬁé%hd‘ﬁ%& éeﬁo'%:? i)rcssin devqge (h& sg%ufng Jlﬂ ?:n tg g{eﬁsg[he t he

zero-adj usting master |'éase
hand 54 r et r ed'SsSipHiRE S t‘?‘@ﬁ?ﬁb? a!eilsluyﬂg st BodytBte Fermtly 34t Hodbingroieio8 st ed t he

pressi ng deyi C@I]{p@é?ltb slh’cbmgmé I§ngq5r6l %Qﬁht ¥h9 z&%%ﬁ] stitngﬁlastg'rﬁ ghfﬂgb}i@n 3 sett.i ovard

the measuring s}and body 64.  Ther eby, ren apsed
by the pressi AG9I&ige 8% andihusinbgid o IE%’*F‘H‘“&G ekl nahmttﬂérpomﬂpfsthmel d by

t he col | apsed zero-adjusting master M, held in the measuring stand 60 is inserted in the work receiving hole
74, and a gap between the zero-adjusting master My and the work receiving hole 74 is sealed
by the collapse of the holding ring 68. Therefore, even when air is supplied to the air supply

20 passage 70, all of the air is supplied to the inner peripheral honion of the zero-adjusting master
My without leaking through the gap.
After the zero-adjusting master Mg 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 M,
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 Mg, which has been
30 output as an electrical signal, in the memory incorporated therein.
When the measurement of the zero-adjusting master M is complete, the supply of air

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



hol ding ring 68, and thus is held in the neasuring stand 60. The tip end
portion of the zero-adjusting naster Mo held in the neasuring stand 60 is
inserted in the work receiving hole 74, and a gap between the
zero-adjusting master Mo and the work receiving hole 74 is sealed by the
col l apse of the holding ring 68. Therefore, even when air is supplied to
the air supply 20 passage 70, all of the air is suppli o the

peri pheral portion of the zero-adjusting master M w Eﬁcﬁﬁce’lﬂg\%ﬁ&ﬂgﬁ hr ough
the gap. After the zero-adjusting master Mo has been set in the nmeasuring
stand 60 in the above-described manner, tfhe air source 80 is driven,

wher eby conpressed air whose pressure has been regulated to a fixed val ue
by the regulator 82 is supplied to the air supply passage 70 25 in the
neasuri ng st angre§nguing 66 hethApfcssirgriveitd iefelddkd, ahbehus RPERSERfad Ssupplied to
the air suppl I 7 ses .t hrough the inner peripheral portion of
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84, and is out t ol i.t.16C as an electrical signal..The
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pressing ring &fistobHe stRld@3 e M AeN¢&ol £. 7 €l eased, and thus the
tightening of the zero-adjusting master Mo by the holding ring 68 is

rel eased. After theYFebsmrmumeR REthpraEeadivgng mater &6 bankeebewrpleted. thased, t he

hand 54 of tohetradsfean®biam tch RREs HedscaldliGRinh Bas WA Gl ofthe G YRRSE scRRSIRL | ON,
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M is returnedttgrg_h§ .ri?jnal position on the master storage stand 88 by
the transfer roBGtoaR SIRF PAYCTMpdo mAbCITSASRERR: offthe ek Bresye adi RaPRBliRst er
Mo has been conphenedyreting tieGcdle-adjstisg mistdd oty iddruiiea B thak@snd P&ition on the
scal e-adj us§i g, MBSLEE WodRWtn B shlG T8SHEL orS ) rage stand 88, and conveys

it to the measuremsnt csection 16, The’ &car & 5HPIers Ny er My havi ng been

conveyed to the rrea@tﬁtle@h%masgemmt ohthd Back gressetes pfithd treo-aipas mmgr 3t,amdkh60 i n
t he same way a&alefahﬁstﬁg Hlaﬁt@r%&'l%ts LOG cgﬁﬁﬂzt@& as'\@sc;igecr%g\ee, i @r?nlgrroplﬂﬁtnl%c()f the

back pressure. Upon conpl etion
detcrmines 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 Mg, the back pressure data of the measured scale-adjusting master My,
and the known inside diameters dp and dyv.  Also, the measured value of back pressure of the
zero-adjusting master My 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
My, 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 it 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 Mg,



of the measurenent, the scal e-adjusting master My is returned to the
original position on the 15 nmaster storage stand 88 in the sane way as the
zero-adjusting master Mb. After the neasurenent of the back pressures of
the zero-adjusting naster Mo and the scal e-adjusting naster M/ has been
conpl eted as described above, the control unit 16C determ nes the

rel ati onshi p between the change of inside dianeter and é@%aCh neadﬁ back
pressure (back pressure characteristics) based on the B ﬁﬁi&éﬁﬁ Yat a of
t he neasured 20 zero-adjusting nmaster Mo, the back pressure data of the
measured scal e-adjusting master M/, and the known inside dianeters do and
dv. Al so, the neasured val ue of back pressure of the zero-adjusting master
M is set to the reference value for neasurenent. In the subsequent

measur enent , b¥hedehted thingpct daeutaa@ te pfsﬁs aluﬂhaexcch afnge fitdh dobredtRS BRGE: M Ordde

zer 0- adj UStI ng,l gg,lgsglred 2!1\‘/:3 . ds | e of the work Wis neasured.
25 By the above eSeriB peﬁsélf f"l osﬁorest“H% (?éﬂefnﬂlfya?f’laf)ﬁC'i‘)‘fseitlﬁ‘écoéfie?p"?ﬁter“&frreter
62 is conpl etkdgthNext, the neasurenent of a correction anount of measured

val ue based on the | tran fer robot 44
WREY ‘{"8{\*%
takes the first correctlhér]lrélearsrlgg er %’Stm”ﬁmgﬁs}méﬁtm% ef‘ﬁ‘ﬂ“p%‘?ij’f?ﬁster

storage stahd BRsfenmbbtddrevenes the firstgotréveng masied &1, dioasd ReasBRStahd 6Pasect i on
16B to set it reluﬂlstlthgth%ﬁ Hglk)gsgtld%toﬁ% n%@rgrofgr%gﬁ: stajtémpg(f Irst correcting master

M has been set in pressure thereof is
measured as in the E’a’S‘e‘h@F&nﬁﬂq@OE@%mﬁeﬂtb@&ecm corees iy maviyr MR Geldec epiverof2005

13 The control th@ﬂhﬁer%@gggﬁﬁﬂlﬂS%g%kopﬁ cr}ﬁds%?toqflquﬁ&eed’iarxgekea(r)dcc%sturqgo sfe(lc ot

correcting master M from the neasure ressure €3 in the
menory so as t PBIaE i the MeseaRe E8phd AftsT thheﬂcmlldewgtdmn&mastﬁfwﬂms bdaeset

nmeasur enentio of intiltnehdukifg sted0EHE bdd prlBale8herd¥lis NRASRAGNHE sz%l \92{};?19 %es&%%d

transfer robot 44 recover s the first correcti ng naster
measuring st antioB0, TEqwntrelapy {fscalqulagey thefrsids Aagptaed: °§@§ﬁqcpwoﬁﬁcmm@amst er

storage stand M8frofdNetmeadubd bhdidnGhs, af OGRS it tedk@ord P6s RARGARG (SOrrecting
master M2 (| eng th I&é%xﬁg@# the master storage stand 88, and conveys the
24

master to the |nS| measuring section 16B to set it in the
neasuring stand 60. ARérttigrmdaheersacaiit et eatecig MB&E B, hibelinombRen wet 10

|1 e reasy |t a0l e LD Al LSS AGLERL S MEBSIL S Lt e
di aneter d2 ofrepeths sweiado dorigiotlipngtiongs tiermaster storage stand 88.

Subsequently, the inside diameter{s) ds to dy of the correcting master(s) Mz to My
stored on the master storage stand 88 is (are) measured successively. The determined inside
diameter(s) ds to dy is (are) stored in the memory in the control unit 16C s0 as to correspond to

20 the length(s) Ls to Ly, respectively.

After the measurement of inside diameters of all of the correcting masters M, to My
has been completed, the control unit 16C determines the correction amount ¢ of measared
value.

Since the zero-adjusting master M and the correcting masters M, to My are formed

25  soas to have an equal inside diameter as described above, the same values ought to be output

for the measured values dg to dy.

However, since the masters My to My have different lengths Lg to Ly, the measured
values vary.
Thereupon, the length Lg of the zero-adjusting master My is taken as the reference,
30 and a difference (do — dw) from the measured value dy at that time is determined, by which the

correction amount € of measured value for the lengths 1., to Ly is determined.

For example, the measured value of inside diameter at the time of length 1., is d|, and




M2 fromthe neasured back pressure, and stores it in the nenory so as to
cause it to correspond to the length L2, After the neasurenent of the
second correcting nmaster M2 has been conpleted, the 15 transfer robot 44
recovers the second correcting naster M2 fromthe nmeasuring stand 60, and
returns the master to the original position on the naster storage stand 88.
Subsequently, the inside dianeter(s) d3 to dN of the cg recti [}? (rjr?aﬂsotser(s)
M3 to MN stored on the naster storage stand 88 is (ar §’ &
successively. The determined inside dianmeter(s) d3 to dNis (are) stored
in the menory in the control unit 16C so ag to correspond to 20 the

l ength(s) L3 to LN, respectively. After the neasurenent of inside dianeters:
of all of the correcting nasters M to MN has been conpleted, the control
unit 16C det er Hic mersectitveaneontreg thedeafris arnlyptd,.c Afo, e agvued valMablssidcJidanert he

zer o- adjusting ste rrecting nmasters to MN are forned 25
so as to have an ‘T“?nﬁ@qﬂés J&laﬁ‘irglfé‘?mé'éo“cf@’é’&?t pPFredibire dorife Simdayal ues

ought to be OuthBU(brrccﬁ(Qf arfolifs FRASUSI@kadtaddUeReser fhé)le s [HOYEY & detShfii8. t he
masters M) to MN haye d'ffaﬁme x@l engths LO to LN, e neasured val ues

vary. Thereupon, thé %Xyt PR "e‘ikéf’"&H’F‘él?f‘?hbﬂ%taéﬁ“h%f’fr%ﬁ(t“aken as

t he reference, am@t hdea ﬂdnf:rfaBﬁJﬁMzﬁof(ﬂQQerrgtlﬂL\andftﬁ%}rEJﬂi%n mRamvE ed Mp e dO at
that tinme is determ ned ch the correction anmount E of neasured

val ue for the FEAGHRS IThef‘Hl“EN‘?téﬁﬁéKO&S Hiegergral fosmula g 5 hglaepresaetingthgs ur ed
val ue of insi deldbRABLEHved thd erhindBlcRln L%ﬁt%@cdmcdo% aglount%&?thg%m?ﬁrgenber

2005 14 the correction amount er thereof is e, =
measur ed val ue™8€°% nsi de di aneter at the tine of Iength L2 is d2, and the

correction am)Uﬂt 6%yﬁﬁ%&b@u@fdeécﬁb&i%erms@f)opera@gns Bk Fi'eiuﬁfnliﬁfﬂoper&m fGOr rection
anounts 6r t0 of neasured val ues for S)g are

det erm ned. " Fr g‘ﬁ?si“ﬁ’é‘e‘}téslcﬁf“?]ﬁfr‘ighlsblb?fé‘fe\ﬂ@éﬁ‘ct“f?éks fereiHERIPars fgeer 22eret 0 LN
and the correciksired hicemmmnt 60 to 6N, a general formula of the length L
is determ ned. The control unit 16C

and the correction amupt 6, .6 = { Ia%‘
stores the general Pt pprig fodeg 2 % Epr RS terrkthe warkat Gressh e fsed ween
t he det er m nedpdredégt fihd waktv feth éurangh the Edell ort 2618 Udtive fed irdthé BigeciBGhhdgingt Ner eof .
By the above- d&%&g h?@)ﬁthg ggnlve%/%r and%en%&mgcﬂﬁx‘oughhﬁ) (fgérec;‘lzsl t}peac{ %Ctxog%tr\a%'fg:ngn For
15 device 42 to be raised vertically.
The work W raised vertically is received by the hand 54 of the transfer robot 44, and
is conveyed to the length measuring section 16A by the turning motion of the arm 52 of the
transfer robot 44,
The work W having been conveyed to the length measuring section 16A is set in the
20 work holder 100 so that the length thereof is measured. The measurement of length using the
length measuring section 16A will be made as described below.
First, the hand 54 of the transfer robot 44 moves 1o a position over the work holder
100 and stops there. Then, the arm 52 lowers from this position. The arm 52 lowers
through a predetermined distance and stops.  Thereby, the work W is inserted in the work
25 receiving hole 104.
After the work W has been inserted in the work receiving hole 104, the holding of
work W by the hand 54 is released.  Thereafter, the arm 52 moves upward and waits at a
position at a predetermined height. Thereby, the work W is set in the work holder 100.
After the work W has been set in the wbrk holder 100, the turntable 124 of the length
30 measuring device 102 is rotationally driven, so that the measuring arm 106 turns from the
retreat position to the measurement waiting position.

Atfter the measuring arm 106 has moved to the measurement waiting position, the




10 neasurenent is conpleted. Subsequently, the works Wstored in the parts
feeder 22 are neasured successively. First, the parts feeder 22 is driven
to successively feed the works Wthrough 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 then turned through 90 degrees by the direction
changing 15 device 42 to be raised vertically. The work Wraised
vertically is received by the hand 54 of the transfer P8Hdgcemberg{s s
conveyed to the I ength neasuring section 16A by the turning notion of the
arm 52 of the transfer robot 44. The work.W having been conveyed co the

| ength nmeasuring section 16A is set in the 20 work holder 100 so that the
| ength thereof is neasured. The neasurenent of length using the Ilength
measuri ng sect inoter 128As duivieh toewarsidencasiride sror i0be dwhed mMeﬁhﬁfigtamtlbeloHeﬂd 54

of the transfeg, 2 Q.09 LI 9 rk holder 100 and
stops there. ™ E%Qﬁiégegrn%g%@%fé%rstg cF(t)ml {r‘htg‘ %8?%?‘1 ST ‘L?Iﬁ A gFpindsiziower s
through a pred@ihe'rtmsneldaCdissittamﬂethamesnpmhe mdaeuriz ywrm 10%6ds wopped W i s i nsert ed
i the work 25 recaiuiogli fod Ll 6L nbDS, Pl DS BEen L nserced i

the work receiving hole 1
rel eased. TRer waifimqositionhie tprperigon arwbish ﬂupwawdnaardl mﬁlsttogs bisedion qbemt[buton at a

d d ncolherghy, | der . 100.
A ter the work gy pacriaarnd in RNl o v of BRIy RReRE 120 of

the length 30™AEESHdHgeURyiSeecificaly. the C@‘é@h@ﬂl@t@@lcmuldﬂa thedispleemthatiotthe

measuring ar m R fdehediSoshib®Ahd Mermlnel th@@hgtpe%k Ihl: QR R (%h RHLGent
wai ti ng pOSI tlﬁgﬂ’ After the neasurin arm 10 has nove e nmeasur enment

wai ting posi ti Y PRE bedbTienRiengh s ofithe #rt- %SBUSEIZQHI@SWMN v@lw ctewniliower t he

measuring aom k&h L Wheawbiey BRagul b B8 et di0 sk Snside G eePREAGE N
el enrent 108 cones |§%o contact with the top of the work Wat a cer al n

hei ght. Wen THI%C "®3nt act i s detect ed, the lowering of the measuring arm

106 i s stopped. TheUp@ﬂ:fompletlmf'fthelﬁﬁ&ﬂ@ﬁeﬁf, EHe&%oerﬁs@IHV&ﬂEﬂlbv%@h@d@%gs

fromthe neas t|n ositi.on to.the_position at
nmeasuring arm gﬁ 651{)%” agdt has et (5% PR RGEOm £ Pﬁ?f?atf‘r?’éﬂ@ﬁ‘t‘fﬂﬁﬁlf* lzﬁﬁﬂﬂ‘f‘*ﬁen

cal cul at es t hetolunge hlctsuorig arind 0§y haWbasedingnam hes detee ithaegkar pRNeRAENT
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the length measurement, the hand 54 of the transfer robot 44 having waited at a position over

the work holder 100 lowers to recover the work W from the work holder 100. The recovered
work W is conveyed to the inside diameter measuring section 16B by the transfer robot 44.
The work W having been conveyed to the inside diameter measurin g section 16B is
20 setin the measuring stand 60 to measure the inside diameter. The inside diameter will be
measured as described below.
First, the work W is inserted in the work insertion hole 76 in the pressing ring 66.
Next,'the pressing device (not shown) is driven to press the pressing ring 66 toward the
measuring stand body 64. Thereby, the holding ring 68 is collapsed by the pressing ring 66,
25 so that the work W is held by the collapsed holding ring 68, and thus is held in the measuring
stand 60,
After the work W has been held in the measuring stand 60, 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 in the measuring stand 60 via the A/E converter 84.
30 The compressed air supplied to the air supply passage 70 passes through the inner peripheral
portion of the work W 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 oulput to the control unit 16C as an



the reference position, and determnes the length L of the work W(L = Lo +
x) fromthe displacenent x and the known |length Lo of the zero-adjusting
master Mb. The determ ned 10 length L of the work Wis output to the
control unit 16C of the inside dianeter nmeasuring section 16B. Upon
conpl etion of the measurenent, the notor 122 is driven to nove the
measuring arm 106 upward to the nmeasurenent waiting position. Thereafter,
the turntable 124 is driven to turn the neasuring arme2deecesapeniox he
measuring arm 106 noves to the retreat position. 15 Thus, the neasurenent
of length of the work Wis conpleted. Upon.conpletion of the length
nmeasurenent, the hand 54 of the transfer robot 44 having waited at a
position over the work holder 100 | owers to recover the work Wfromthe
wor k hol der 10&ecuIdaksigracovered work Wis conveyed to the inside dianeter

Conveyed to the | sl aie 4CRBlr MR g dbinsr S et €or S BEedoh B Ehe
measuri ng st anededdrat ggnabmsiioe thds/H cosietder 8di amiei & the hkide dingetelal ditarakiew W | |

be neasured ag.. Fir the work, Wis ted.in the work
i nsertion hole 7%8§%&{ e %?%E %%ﬁmf?%%ﬂ%%m“ﬂﬁﬁ  bagk rw&?%%??ﬂﬁ”%%%lce (not

shown) is dfi véstermgeppdershantbe pressing ring 66 toward the measuring stand

body 64. Thereby, ttl%hﬁéﬂh %dla&d%a??E,QASL%@%@.:&WOILRF]&%@@S'ngsofla'“9 66,

25 so that the work Wis he col [ apsed 'hol rin thus is
held in the rremﬁtioﬂgmomtahde@@l th\fehgse L oheorkdy, Mhmh%bcbemenshedidymﬂlehglﬁ

measuring st angleﬂ@@mg sD&iofh g, S%Erpﬁle%gndofunq{ (?&va ue"@&&?aﬁ%e&val R dnai '

whose pressure has Deen regulated to a fI xe e regulato 82 is
supplied to th@edﬂ@ﬂgw@gwwdpaggagéémﬁmmmmMQcmeasum&ﬂ@mmmﬂﬂd 60 via the AVE

converter &f} 30 Th%&‘}{é’iﬁ’é ﬁﬁée? dafl v1n§ﬂpe%|d£t%grut aﬁ ﬁescr%:ed ﬁ&‘)@ g (%;‘ipFi %? 70

passes through the inner periphera portion o
di schar ged t o Wheitop{npsshgen) piiveled ke pned suit 6@ bnddips essdal aailata inalie t hi s

t I nme I S det ect ﬁgﬂl% u;th@cd%{rﬁ Uﬁﬁ)ny@r tr[?lEﬂ %43]11@%%31"1&1’]#%; R&Ehetﬂ?ea%ur&l (’.Pt r Ol Un| t

16C as an 29 Dece el ectri cal control unit  16C
cal cul ates t hele’ﬁg?fd’emﬂ‘?‘%%PféWWd sirdardo r kbayis oiis pud gwirvitether theiwercktW iscal

signal sent frorRvoReméMike ﬁ@ﬁ%@é’t@rﬁ[ﬂe@ﬁandﬂﬁ%? arl NG wolEnok Hxﬁéﬁqg ined Of

the work W _is calculated froma back pressure neasured on t e back
pressure charatt¥stics 5 deterni ned bef orehand.

The inside diameter used as the reference for this judgment has been stored in
advance in the memory in the control unit 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
tightgning 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



After the inside dianeter d has been neasured, the control unit 16C
determ nes the «correction anmount r based on the length L of work W which
has been neasured by the |l ength neasuring section 16A. Then, the control
unit 16C corrects the nmeasured value d based on the determ ned correction
anount r to determne a correct inside dianmeter d'. to The inside dianeter
d'" having been determ ned as described above is displa ed on the nonitor
(not shown) provided in the control unit 16C, and al so R dx dat a
inthe nenory in the control unit 16C. Then, it is judged whet her or not
the neasured inside dianeter d neets thesypredeterm ned standard. That is,
it is judged whether the work Wis an OK work neeting the predeterm ned
standard or an NG work not neeting the predeterm ned 15 standard. The

i nsi de di anet ePaYSAdPVES tiReshyaireseerriecdidinantdiran fhatdgsition, ahberbdenths baldiegl i n

advance in theo moRs¥ w By 1B RarAGRLS rgleachf" tThF]r thlurg kr@%?o %ﬁﬁ@pérap 100 angSI de

di aneter of the work Ww Il be conpl eted escrl
conpl etion of fHRe'erdastle Btk feFQYér)'dJPF thg QﬂthQ Wéﬁraﬁrrd wbmtb@wa@Ws st opped,

and 20 thus tkh@od&&h%ﬂlqw&eakmg%ﬁ&o\’i\é BynERBTRRAML d'ﬂ%f&%%@%éﬁ@gdbﬁtsﬂ

rel eased. Specifical llgﬂ;ﬁ the pressing of the préssing rin
pressi ng devi cBOTHGT 2 RUGRM TV dhe NG woik ssgovesidox RAR, avﬁbwetwﬂgm@mm@etemmde

work Wby the hl@daﬁherﬁ@mrmdagosﬁ%nl Srrk&hﬁ@&ﬁ‘éi.mﬂ@%%ﬁﬂwﬁﬁﬁe PMBH Ky }é\/r%m.sased
stand 60 by the transfer rdbot ,

recover ed from‘g;l e \@gr

conveyed to the “Fed ‘i/‘?é?% EPSI‘S‘H"J%““%S“"FF@CWW@WH‘&\/‘F%@‘%@‘@FV@M%\yed
to the recovery secﬂhomeak&caéﬁosﬁmera&ﬁdﬂcraﬂ&m WoBICWVIE ERh1didl Byl OK wor k
recovery box 985& % escn gse (ag%% box 90B according to the

j udgnent resul pecifi cari prci‘:??ées Refgedts Yige PPRsaysr édercatedi ned
standard i sl recosevesaby whitthal dikhewarls W e &f e o fRAA 22 aRGndaig.dNG wor k not

meeting the predeterm, nda i.S,.recover int rk recovery
box 90B. 30 The separ a?sg 3 é%:%verye\i\rnlﬂdfidarémt?:ral??als'gﬁlgdﬁﬁmé‘?%mg@fsl bed bel ow.
Wien the work $bodimegiy thiengibliof the verhWrisimBsured, abdibe tneansd @slud ObGhHsict4, Whi ch

has recovered fRg.e¢k W@JaQEBE[E' [ 6 2 osi tion

over the OK work crecovgr; ‘ 10‘%0 ﬂ%ﬁ%%mﬂﬁ%?gg%g%e%m%%ﬂ?nl ﬁ%%ﬁed 54

| ower s t hr ough™8¢gd @H@'t‘%Pﬁ?’WédWmagmaﬁéléfemtdmgthm mpowtd, acnratandsitremeaf t er

the hol di ngs ofantRRydRrdad¥V by the hand 54 is rel eased. Thereby, the work W

drops under gravity, and is recovered in the OK work recovery box 90A. On
t he ot her hand, WneH' tplﬁgmw%ewhe 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.



recovered fromthe neasuring stand 60 is an NG work, the hand 54 of the
transfer robot 44 5 noves to a position over the NG work recovery box 90B,
and |l owers through a predeterm ned distance fromthat position.
Thereafter, the holding of the work Wby the hand 54 is rel eased. Thereby,
the work Wdrops under gravity, and is recovered in the NG work recovery
box 90B. The neasurenent of inside dianmeter of one work Wis conpl eted by
the above-described series of processes. Subsequent!y, 2PHéecameenddiation
is repeated to successively, by which all of the works Wstored in the
parts feeder 22 are neasured. As describeg above, in the inside dianeter
measuri ng apparatus 10 of this enbodi nent, the length L of the work Wis
nmeasured, and the neasured valued of inside dianmeter is corrected
according to the | edgtdsctibegfabovecacomydikg wmneTmamﬁmmonane:a tiiclndahiRedo@BE of Wher e
a plurality of asured rate
easur ement  t g:\é\lgg %ﬁrg%é{g%dn@gc@acg&rﬁlkg{og%mw accu rflfﬁléurﬁ;gtglz ﬁg arm
106 novi ng ver MRgEAVERinithe caseohgista plusality @fomladltavmw tfzhletl haagth@p rma‘asdrdrde work W
to detect the noveng f me, by
Wi ch Che | ength of TCHe wer E o heacr o pitas Sl 1Bl bl Tt &
measuring thellf &RfEHin fems dierlosed. Sutmsithe copfars ghetivyentinings to 20veFult medifiepibis, as
shown in Fi gs. aifrafGomirudddss ARG il

hol di ng t he work Wﬁy a pair_ of ‘glneasurl nlgg‘ﬁ@{rlr@hwﬁ%pgc pygf?é%lggctnnf I

di spl acenent s SPCFALE HeeendedgeisEns 130, 130. Also, as shown in Fig. 8,
the I ength neasuring nmethod may be such that the work Wis set between a
pair of CCD caneras 132, 132 to photograph the end faces of the work W
using the CCD caneras 132, 132, by which the length of the work Wis 25
measured fromthe focusing information. Thus, as a nethod of neasuring the
| ength of the work W various publicly known nethods can be used. Al so,

al t hough the nmeasuring section 16 is provided with one | ength measuring
section 16A and one inside dianeter neasuring section 16B in this

enbodi ment, a plurality of 30 Iength neasuring sections 16A and inside

di anet er neasuring sections 16B may be provided. Thereby, a plurality of
wor ks Wcan be neasured at the sane tine, so that the neasurenent can be
made with high efficiency. 29 Decenber 2005 18 As descri bed above,
according to the present invention, since the neasured val ue of



inside dianmeter is corrected according to the Iength of work, accurate
nmeasurenent can be nade even in the case where a plurality of works having
a varied length are nmeasured. It should be understood, however, that there
is nointention to limt the invention to 5 the specific fornms disclosed,
but on the contrary, the invention is to cover all nodifications,

alternate constructions and equivalents falling within e spirit d scope
of the invention as expressed in the appended cl ai ms. 2 %@B@%@O%%OS 19
WHAT IS CLAIMED IS: 1. An inside dianmeter neasuring nethod of measuring an
inside dianmeter of a cylindrical work (W by supplying conpressed air from
one end of the work (W and by detecting a back pressure of the conpressed
air, conprising the follow ng steps: obtaining in advance a change of
measured val ue of the inside dianmeter of jt,he work (W wth respect to a
change of length of the work (W; storing in advance a correction anount of
nmeasured val ue of the inside dianmeter according to the Iength of the work
(W by det erHalig CaACH&EDYS: of t he nmeasured val ue of the inside dianeter
with respect to a change of the Iength of the work (W; neasuring a | ength
of the work (W to .be asured; measuyri t he inside dianeter of the work
(W' o be s i P T RBHT BEsHE TP uaE RUHE AP AR S B he wor k
(W accor di regprk Vit euprbyargwoeptessangtilomahe endlpbtheveotk (W)Ynd bpdedtices tetie st or ed
correction: 3R oftfe cbifteIRAZ WoR PRIt RfwidsiRpd NSi de di ameter of the work

easur g appar atVEAREG) ST R B PSR ST i dia R ofghe w0
cylindrical witiréspcVip alehangarfibingdhioftheooR(@xsed air fromone end of the work
| engt h measur  ng i s pREABERAS nullof bR ERTRE SARALIA dencEP IRy 1O, @
storage devite®e ?ei%t?f%‘i"%‘h Ryrdaterminingod shange Pl mepsiesvalu ofthsiatifeditmsT ue of
the inside viihatpiceno aabampd ditiedenzia of hewbkig);h of the work (W; and a -

nork (W based qrrha t EREE BBt B AR TC red by the |ength
measuring devi ce MeRBWNS i iside ¢jemety of theverk OW) WipBeasuret atded in the storage

device (16C). gorrecting a measured inside diameter of the work (W) according to the measured length of

the work (W) based on the stored correction amount of the measured value of the inside diameter of

the work (W) according to the stored 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).




