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. BACKGROUND OF THE | NVENTI ON *@00002* 1. Field of the Inventi t
invention relates to an apparatus for neasuring distortion of a oydisndri cal
body which is suitably used for neasurenent of radial distortion of a
cylindrical f

bescript i on PRI FROR ViSRG EAORIONOR CRHIIRIQE: BORY .,
outer ring Co of a ball bearing Mshow in Fig. 8 has a di stortlon in the

radial direction, a raceway groove Cis or a groove Cos for gummmnllmmlmwa
exhi bits wavi ness. Wien suwAcrGraIUNPEaR TAEMN G NEESY axi al i

gener ated, maki ng snmooth and stable rotation unattainable. Theref Qg+

di stortions oieldileg thonavetitiog G and the outer ring Co nmust be m nim zed.
That is) when the inner ring ci is rotated one turn with the position of
its lower end sThtageesink finxvedtionadieiltedi $6 orhi cpgedtatss NkAs theaswatingn
upper end surface Cu of the inner ring C ideally becones zero. However,
in act ual idistorSomenfda stydirtdirimal Esbdys whids astsuateblynistedbforr easadehent of
specified tol erance. Incidentally, such distortion Ed has conventionally
been neaswadidl Wistpgtionf ofia eylawimenli body,csuctetasr amsindies girogetdri ring fafra
exanpl e, Japanese Patent Application Laid-Open (kokai) No. 8( 1996)-261710.
Fig. 9 shdgarimgeonvent i onal distortion measurement apparatus 60 capabl e of
measuring distortion Ed by use of an electronic microneter. The distortion

measur enertt  ASPSFRLGE @dhﬁa%elét%ﬁﬂﬁ ng pl ate 62 which is disposed on the
(op el o bpes Blagk gL, & sheped talolng Seb sloh.fle, A -
635007 ™ HoMIE 2 8 IERER bR 1 fhd Rl B EBRAR A HheRRY e Bher
portion 0% g aochR)%Zé@-h I“h%&lgﬁﬁé%f 1518 &4 Bl[‘%%} ﬂ’BJQOdWh%naEu& %Oﬁéﬁ' on

di anetric y opposi t epreSS|on ng measurenen

after a C%hﬁ"ﬁ' ROt h%@dG‘éﬁPil AbEAAH 19 kenlebatln, IalingSSa8oAY n’&SE Hfje | NNer

edge of the cy indrical body C, "an operdator rotates the cylin rlca body C

over one tyfdtiordRthaRliALR%. diTHaetdreN distof tions \Gr iRt irferMBaguCe oy thbe
el ectronic mcrometer 63. Wien the thus obtai ned distortion Ed falls

out si de t baitspeitigf Cedntist Beanirimitdtt aneitdbpwhend@esinhke riyd Cids ireRitedbj ect
to be defective. However, such a conventional distortion neasurenent

appar at us of@ tvas with thel pasiting afritareecdcsend-susthee liid dixed, ofdiak disstorttat
contact involved in neasurenent, nmeasurenent error increases, especially in
measur enefid es messured afl andupper ehddyauaces @it ofs the dnaet ringn €4 ideally G
whose outer dianmeter is not greater than several mllineters. Therefore,
preci se nMPESOMERePTOcarfiOVeR,; gar ﬁ@?%HYwSPﬁl%dgﬁfof‘éw oAdcisbPresept adond,

since a naralr@r gort Cff rreasure work must be perforned manual ly by an
oper at or SsbiF Eftnee E‘hﬁlsﬂ:@? 15 lﬁrﬁ@CFabor and stable, reliable

measurement Canr}%cit?entg.ﬁrf surg:ﬁ distortion Ed has conventionally been measured
by use of an electronic micrometer as disclosed in, for example, Japanese
Patent Application Laid-Open (kokai) No. 8(1996)-261710. Fig. 9 shows a
conventional distortion measurement apparatus 60 capable of measuring
distortion Ed by use of an electronic micrometer. The distortion
measurement apparatus 60 has a holding plate 62 which is disposed on the

top face of a base block 61 and has a V-shaped holding depression 62s. A



SUMVARY OF THE | NVENTI ON An object of the present invention is to provide
.an ‘apparatus for neasuring distortion of a cylindrical body which

el i m nat es mechani cal contact and enabl es performance of precise
measurenment with high reproducibility. -2  Another object of the present

i nvent i on peripherpt svrfieceaf appuenend dfor cpbadricainbody $i ¢7.gi, am oiner ring
cylindrical body which facilitates realization of fully-autonated

oper at i on, Ci2li firasght intencentacpsrth tle holdingadrmeesiont &g .e A perhebBe of
measurenent. In order to achieve the above objects, an apparatus for
measur i ng 1 §lesttarde neicramelsr 6 is bapusldldinta Ccostartiyithoan RPRsT dwsHen of

i nvention i ncludes: stationary straight rai rovided on a flat surface;
a cylindri% p%apevﬁ aie Rbahsrdmdrsal rhﬂc{Yi gat ﬁepewwﬁdfi}a@aﬁrw&@y such
that a peripheral suH:)gﬁe ;)A one .end L?f the .cylindrical bod A remai ns i.n
contact wi¥HPIYE e BBAFSiIght 57%i IDUHDRIPSABHER L Al sPpsoRicalt a
position separat a.predeterm.ne i.stance from.the cyl.indrical b in a
it ect | on TS Of B CORORE HEI6T 15 BSFBEe: RBre i ‘BT ritocal Poay: “a
| aser scan_.mj ter;.capahl j u i h t of
the cyli ndcr"’l}rﬂé1 aﬁr?%gé)ﬁl) < ng’ ? ﬁe&ee%te@eﬁgég‘%gﬁ‘ ge lynrr%g‘?lgslr%% gs(g‘feqb(;e}gémt&q‘q

proj ected foya . g dippegtd.on her 6RYa SEAHUT I S a066n;i

bet ween thglef?cy{)?tnag}rq'i(’acEa%fgt%%)ﬂgg1 a}rzlzg ?tderﬁré’ girarél%ge p%?e; gln aatg%ntro seI(C:ti on

for controliédehdtBe & 1 e 3he PARY LbRAREA" dIREFH F0a AAdst H8tidS heSCan
m cronmeter and for processing nmeasurenent data output fromthe | aser scan

m cr omet ergheRifidte tsbyariet ahd dPeshirtjudBes Bie \GyTihteicafl objtet abdeedéresevd. bed
configuration, radial distortion of the cylindrical body can be neasured.

BRI EF DESCRI PTI ®NvdveF HeubRAWEDK e ttignalldissordiopl Ateasiuedmeht anppashrd 60n
measur enent apparatus according to a preferred enbodi nent of the present

i nvent i on; h&s the Pllosvingphawibalcky. sectioned front view of the distortion
measur enent apparatus; -3 Fig. 3 is a view showi ng the operation
principle of th&iditstlesaause fasmachamicalagpatattudnvelvgd i | measpeempetti ve
vi ew showi ng a main gorti on of the distortion measurenment apparatus; Fig.

i s an explE@SasUrSMENeWEHREWIRGFEasehr CSPEFGHYT URctNeasusesn off a hamall

distorti Oncy in rgjcrai rﬂ%’&%, é,pggél'?%gsa; small inner ring Ci whose outer diameter is not
greater than several millimeters. Therefore, precise measurement cannot be
performed with high reproducibility.
Second, since a major portion of measurement work must be
performed manually by an operator, measurement requires time and labor,

and stable, reliable measurement cannot be performed.

SUMMARY OF THE INVENTION
An object of the present invention is to provide an apparatus for
measuring distortion of a cylindrical body which eliminates mechanical
contact and enables performance of precise measurement with high

reproducibility.



Fig.. 6 is a flowhart showi ng the steps of a nethod of neasuring distortion
.of '@ cylindrical body by use of the distortion neasurenent apparatus; Fig.
7 is a schematic plan view of a distortion nmeasurenent apparatus according
to a nodified enbodi mrent of the present invention; Fig. 8 is a sectional
side view of an inner ring of a ball bearing (cylindrical body); and Fig. 9
is a perspectiverReERr SPIgctRfihsnpricsaat lrme@gl@ﬂ isdr proNide aRERPaIpPY farus.
DETAI LED DESCRI PTI ON.OF THE P EFEﬁéR[FE .ENBODI MENT, An _enhodi nent . of the
present i nTERSHEMENATIORERE Yo aqe¥iindHier’l PAYeVRION fqiitates dieakication dhhe

dr awi ngs. aceco nyi n rawi ngs. are illustrative of the enbodi nent and
oo ot e bIT-AGHPRIE PREr B GRITAHES MR ST A o e oSt be  t he
i nvention %lga%rl ¥13e det ai | e(% description of known parts is omtted. First,

t he structufr 3? WEEBI Y on neasur enent apparatus 1 according to the
present enbodi t W risded. with,r. renc Figse. .1 to 4..1n

t hese draw ngs ?B[%e }éaf%arjn(t:%eaﬁgﬁéa%ah?ﬁ%bgg%o?tég&g’ t?élsgp égf)%tk%vﬁrcﬁlegiurmﬁas a

flat surf aﬁf‘stﬁret%frf Bhﬁsﬁﬁﬁ@dtrl&ﬁi%%y d%céf&lh%ﬁﬂ%%.;ﬁ%é@ﬁt?%%ehﬁ%h i.ﬁiﬁielﬁiefs@ xedly

provi ded on t at ace at”a centr position ereor .

st ati onarysgltfa9tstfakht 3aill SrofideBbPh BatPh@rEcd TR BN @ficA0MsdA M ansfer

t hi ckness and has™ a straight 'side portion 3s on at l|'east one si'de thereof.

The strai ghiechiafi@sraoot irBllins thasyRnd 884Kt Podpsushahht R0périghéral Gurferle drody C
serving as an object under neasurenent to be rolled at | east one turn. The

degree of sheaegdt ofeske ofylindricdlr Boght reshgi@spiit tdodnads with athehisghtid@sary
possi ble. Further, a front slant side 3f is fornmed to extend from an
entrance- ssthaigind yedl;t iconreférdrve spalti aisposest rati gt poaitior3 sepddacedt art of
the straight side portion 3s in order to facilitate |oading of the
cyl i ndri cabréxdeter@yinadd disteacesifrorh dihge @rliridri¢al nieody oiexteendirtctiont he
end of the straight side portion 3s to an exit-side end portion of the
stati onar ypgmemcgmlaraﬁq thze irpllingi direcgonaefi the gykindrisehhedy ef lashe scan
cylindrical body C. Areference pole 5 of a cylindrical columar shape is
provi ded oRtieysriieter capable of simultaneously scanning the other end of the
cylindrical body and the reference pole by means of laser beam projeéted
toward the rolling direction to thereby measure a distance between the
cylindrical body and the reference pole; and a control section for controlling
the cylindrical-body transfer mechanism and the laser scan micrometer and
for processing measurement data output from the laser scan micrometer to
thereby obtain distortion. By virtue of the above-described configuration,

radial distortion of the cylindrical body can be measured.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a plan view of a distortion measurement apparatus according
to a preferred embodiment of the present invention;
Fig. 2 is a partially sectioned front view of the distortion

measurement apparatus;



top surface of the stationary straight rail 3 such that the reference pole
5 extends upward froma central portion of the top surface. Thus, the
reference pole 5 is disposed at a position separated a predeterm ned
distance fromthe cylindrical body Cin a direction perpendicular to the
rolling directi F¢ of the cylindrical body C. A novahle straight rail 11,
whi ch faces the%ggr i dhid g %‘?‘ﬂ%%@ Qﬁ%ﬁﬂensf’ﬁp? argf the éﬁ@fﬁ’ﬂ"uP%i | 3,
i s disposed atS aq)_[_)los' tion a?tegarat ed a predeterm ned distance fromthe

strai ght sTe°portFoh2BRIAHS: novabl e straight rail 11 has a plate portion
of constant thi egs._ e 0 at. of .the stationary strakght rail.3. The
pl ate portion h;Flgg'aasl r a?’%k?}gesﬁt € %8‘& ?%Or}s T %%%maPXTté(g’stO% gﬂ% (%?atc%tlon
thereof. The stfahaht ashaepQrtion 11 s has a length for enabling the
cylindri calltIll Bo%yé% toagg I?%p%’ed at | east one turn. Notably, the -5 degree
of straightness k. 5he o5t eabidhhiciCRcRUHdwRe Ll oSrrdBYoR tubeligh iketisn |- I f
necessary, a fri c%i on r?enb)g? 21 (?rgy %e attacﬁedctro t % s}tlraélg tS s{luécgréo

portion 1lthe digtortide Slcbshdthesit dppRRIthison 11 s may be coated with a
friction-inparting material . I\/ban\l\ﬁl l e, as shown in Fig. 2, a |ower-I|evel

surface 18 is fqrged pnat llewchArts ehbaagy Ahet frephasiea bineetod Gf Wnkhsariigepped
portion 17 fornmed between the flat surface 2 and the | ower-|evel surface
18. The nodiabdreiosit radi gheyliadticall hwal byt aadee-Fuppordigtbrpiont inddhsZemafpitch i s
integrally formed to extend downward from and perpendicular to a | ateral

si de of thepparates;porti on opposite the straight side portion 11 s. The

| ower end of the to-be-supported portion 22 rests on the |ower-|evel
surface 18. Fur tthgr 7 aisdrd véechrmsnatini plarsecieivoref12 idisiirtipns egeasmrement

| oner -1 evel surface 18. The drive mechani smsection 12 includes a noving
mechani sm 2IPaTaHpd aesetsting to A modified \embodamenhrb theptesens davaghnrsr 24 for
rotating the screw portion of the ball-screw nmechani sm 23, The_ npving
mechani sm 25 furFtlgre% ih@ §getonak Isf‘g’eﬁ”%,‘)fwﬁpcwqqt Bgearl y P8l berEng ne
nut portion pf t.helfll)oa l,.- scr,ew mechani sm 23. The slider 26 is slidably

gui ded by & pAfTcY %‘iﬂ)dﬁnghafts 27. By virtue of the above-descri bed
arrangenent, when t e 4 js.driven, .the.slider 26 can be
Bvanced and regicy ot SapSREeb ke P 3rg! daFRorost s GRion i tiRRent
body C, Wﬁhr‘é‘tﬁé. be described later. A pair of separated support shafts
28 are provided to project froma side surface 26 and are passed through
hol es 29 forned in the to-be-supported portion 22. Pressure-application
springs 30 are fitted on the support shafts 28 between the slider 26 and

t he to-be- suppoDEARAIPBED DEISCRIPTIONSOFtTIEE RREPERRED EMBODIMENTLL i s urged
toward the stationary straight rail 3 and is advanced and retracted

toget her with the smbietinggit Fhéhefmresent hevaytiomdrillc abxb by dSdrihadl et ween
the stationary straight rail 3 -6 and the novable straight rail f 1 can
be rol | ed datalgwithe refesenenatoy the r dragringsai The) apeempryyingherawings are
mechani sm section 1.2 and the novable straight rail 11 constitute a
cylindri cdﬁuﬁgﬂlv?r%fn@eermWérﬁ@ age eant foJimiteths sepormpf the i s
di sposed an the rear side of the . statiqnary.straight rail the rolling

di recti on P¥EREOYef I8 ?rot‘bgeWFég‘? r%%?ltm}ﬁ‘? té‘?;‘?icg‘??)%g’ é{‘ﬁﬁa ecgél RetdRER Of ng
unit 34, Aé:vp con§stist ut etz(g | aser scan mcroneter b together with a

proj ection Uni't B3RS 150t f)'sed an the front side of the stationary
straight rail 3y;The 0j i unigt 334 Ubpa g tions 35,
and the beam detF ércll:% i ng{eunﬁﬁéﬁ’ﬂ-les rI)sfupapoc%ItS g"ﬁ%@ Iréég%%%%nﬁts "’g%.rar%'ﬁleg 4
projectio 097 t L i .3 ogn&g-

control s&:#pg%r%sfﬁ%e g&é&%ﬁg& %@%@gﬁgggﬁ b‘é’g é%sfc\%%)ﬁgt or1 zgfé’gé‘g‘fegéo
connect ed p;\igs_t pgocontrol section 7. For exanple, a laser scan mcroneter
LS-5000 {product name) of Keyence Carp. can be used as the | aser scan
mcroneter b. | 'i‘ntth_%sé“cﬁéﬁrﬁés‘?rpeféf%ﬁéé'rrﬁ‘ﬁﬁ@%al' 56 BehbRS R HalP Bl1b&k kAt of
the following principle. Alaser beamemtted froma sem conductor |aser is
first reflected by a |12-face polygon mirror and a reflection. mrror, and
is passed through a collimator lens (F 9 lens) to thereby generate parallel
(horizontal) laser beamL. This |aser beamL is projected fromthe
projection unit 33 in order to scan an “Upper portion of the cylindrical
body G and the reference pole 5 sinultaneously. At this tine, due to
presence of the cylindrical body C and the reference pole 5, the parallel

| aser beam L produces shadow portions. The beam detacting unit 34 detects

t he shadow portions and neasures the di stance Wbetween the cylindrical
body G and the reference pole 5 through cal cul ati on processi ng.
Subsequently, the control section 7 processes the neasurenent data to
thereby obtain a distortion Ed of the cylindrical body -T



C.. Use of such a |laser scan micronmeter 6 realizes a sanpling speed of |, 200
ti mes/ sec and secures a resolution of 0.05 ~u m Thus, precise neasurenent
is enabl ed. Meanwhile, a cylindrical-body introduction nmechani sm section 14
for introducing the cylindrical body Cinto the space between the

e oner S LHATLEL o2 PO, B s ShORALS Soky s BB
PR P e e i e

(P SRR A AT ek et
7 s AR S8 B LRSS R, B A0 R o
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38 i ncl udegnd@ér akaSUtdMent &SChantolfedPUst eask e | ALSON alrhy RlegMddes on a
drive rod of the air cylinder 38c. Upon advancenent of the push rod 38r,

the cyli ndstrgighthestyofGHOSahRM AN b@rﬁﬂ&ad;sciarasbleighomgaséimea Forthdigast art
position defined between the stationary straight rail and the novabl e
strai ght rfapht slantNide @feis, foarmed tonextead frbadyndrachncgeideeehdpadtioaasft i on
15 for discharging the cylindrical body C fromthe space between the

st at i onar ythet sttgpmary astraighanailt 8 etonrtheabtart sifrthiegbtraighit| sifié¢ partiono8s ded
between the stationary straight rail 3 and the beamdetecting unit 34. The
cyl i ndri cadrdeody fadititatgrlgedimgbltieseylgubri¢adibotly €sagdmstaar et igeBr is

di scharge opening 39 forned in the base block 16. Preferably, the discharge
openi ng 3dor@metlotonestend fram the gndseidhecstraight side posiion 3¢ b anpxitssidsgi ght
side g_ portion 3s of the stationary straight rail 3. _If necessary, as
shown i n mrgf portign gl ithrtstationary plrapgiifcedl 3Antarder vo ifagititats  diselgree ofn
order to p evegllé}& helgyl i nﬁ:i cal body C fromlifting during the course of
rol ling. I'MoPdBdts rmine the distortion Ed of the cylindrical body C,

a variation in distance is sured .while.the cylindrical bod is.ralled
at |east one tufn'“Thélss B?lg?g tok:él %lehcir ?ﬁl Cs()?%‘gpﬁ&(gr q}at?r(f @Sp%ofqu%eon the
stationary St rai i ﬂfﬁf;!ﬁo . |y el neid i j i N
direction tcc)’? _ %ﬁgﬂ?gs(graﬂhlgegtm : m%géélgws%hlcgé;%ha?ﬁ#é%% tcr)?fé(r:%{rr% gtg fésl 8_

coi nci dencg k8§48 0hpRAsY - fﬂo%té@ecél{t?éﬁ%rﬁﬁﬁoﬁ NBRL tof SHFRECT! PHuEUNELI On
section 13 is provided as shown in Fig. 5 in order to performzero

correcti onreféreneapod 5Ng di¥posll &f A Posaish Sefera@éd aheredletaintined dis@neer ti on
3s with respect to the projection direction of the l'aser beam L. The
correcti onfrémnche ooyldedticaln bbdlysldovin andhiegtioh parpardisulardad ediei eslliagenment
45 fixed to the novable straight rail 11 and a detection pole 46 projecting
upwar d fr odir¢dteort 8p dfdbe aylindheatibpdgtG.on el ement 45. An error Eo can be
detected through an operation of noving the novable straight rail 11 while
keepi ng the tipfoma 1Qj§tr@dghtolralb[1énwgmcm5a¢€i$ denstaeighiside phetien dsiddnary
straight rail 3. The thus-detected error_ Eo is registered i n advance.

Not ably, tHhe atpdengy neiyaightdsedcBedishydigpetaseratns nerpitignwseparaicdnast er
cylindrical body whose distortjon Ed can pbe approxi mated to zero is
prepared iRredgbdneacdadistanee nfégfnerthﬁyﬁrﬁtﬁ?ﬁtcg’ﬁebliﬂl}“‘?% 31 1 'Bae gravekien to

Bl N

using the distortion asur.enent_. apparatus..1 gccordi.n t he prese

erbodi ment ALORBTY SRETEnEror dPenBALAOREOR IR BAebF st pBrT s
body C wi | cribed,in_accordanc . he -9.. f r i.n

Pl 6 andhierHORSr PERtdl PaBEf. e Bptibit hae potuion 1 PHILA 1ERA ey
nmeasured i i rof: L RG: C t i i N i 4hEl ISt
a |large nu?%%@ cé ﬁgg;lcy%la;ra?lg% bgggi(ggo?éark%ﬂgﬁ%'ﬁ??%%l ?&g‘rﬁ]\gilﬂie s%t%g%}grth%
mechani sm 37. When a neasurenent start command is output fromthe contro
section 7, the air cylinder 38c is driven so as to advance the push rod 38r
(step S1 ) . Thus, the cylindrical body C at the head of the |line of the
cylindrical bodies C, which is indicated?®by a solid line in Fig. 1, is
pushed out fromthe shooter mechanism 37 and is |loaded to the rolling start
position between the stationary straight rail 3 and the novabl e straight
rail 11 (step S2). At this tinme, the novable straight rail 11 stands by at
the home position shown in Fig. 1 and is urged toward the stationary
straight rail 3 by the pressure-application springs 30. Therefore, the

cylindrical body Cis pushed under pressure to the space between the
stationary straight rail 3 and the novable straight rail 11.



Subsequently, when the control section 7 outputs a conmmand for operating

t he servonotor 24, the servonotor 24 operates in order to nove the slider
26 toward the rolling direction Fc of the cylindrical body C, and noves the
novabl e straight rail 11 in the sanme direction (step S3). Thus, the
cylindrical body Craqlls while maintaining contact with the stationary

strai ght rdggregof sstt@aglsme.sswfamﬂrésghtrﬁégﬁrp@jrae{li b+ mav bgselatiyplclos?.| aser
beam L, which is parallel, to a horizontal plane, and {he beam detecting

unit 34 recléirif“‘@gs%)w’ Fedrrtian meneber mﬁg’ Eﬁo%’ia? itg. the, StREHtaSEE beam

h ' f th lindrical b d,.th f | I
5 gfﬁgft angBR 1R bk T e o &c;ér??nré’ld%% %;?}2 31 %ﬂéﬁqdiravﬁrt‘%gag"ce
- 5 L
por ti ons. ef?&?c*&%%éﬁ%ﬁ%tﬁn%?fﬁ%ﬁg%hL@ﬁ#ﬂ%@?ﬁz ont e ol Lot M didler 6
measur es t%f&%ﬁ&é’lﬁ%ﬁ%‘%ﬁt%ﬁ?@% 3{38 é‘i%fgeﬁéséf @ﬁéebgé’éj)élo%lﬂé xbigﬁ a[ g{ee%@gace

pole 5. Since e cylirndric neasur enent st ance

Wi's perf opsm@fhnC W%Hﬂ@&ﬁ%étw%%l%esﬁ’ﬁt sUtbcd ?r fhd SRBULRELYS Y 'suTRRES 8,

collection of a large nunber of neasurenent data sets at constant sanpling

interval s, THeheswiMlY s%I-ai'FHE gayal $ hidla 26 DeASuSHRed Forbepsd! whifhtigr the
cylindrical body C has rolled one turn, the maxinum val ue Wrax and m ni num

val ue Wri ningégrlle Rirflcdnts MeiE dHmyarH ffdrmnadd §dFpasdicel@nto ¢alaerand
the distortion Ewis obtained fromthe difference therebetwen (steps S6
and S7) . didetdfethe plategdrtiencoppesite dhe astrnight sodd psrid@ert IsegiTieeloggeri n
advance, the correction anmount Eo is subtracted fromthe thus-obtained

di st orti oreriElof the hebebsuppsiréed partion 28ctests dhgherlowen 1dat] Ssirfoe 38. .
Subsequently, the distortion Ed is conpared with a reference val ue
(threshol d) Es. FiwdrerE@ drikg meglnanissi aection 12 isodispeset onvideplogdurdevels
performed (steps S9 and S 10). Wien Ed Z Es, processing for a defective
product i sSWérsolfedThedsjie mpchagism sectipneh? ipUggs ianMoving MESMANGSRas
rolled togége end pgsi tign the cylindrical body C falls into the discharge
openi ng 3923 6°BWAsEARS aPallisergydnehanishe 23V ARSTEPTRIY 4 AQUFURERS
steps can be aut onmat ed. n anaot her cylindrical,po C to.be neasured next
5 br econt e fteRtBEin 6F Bl ATt  HrshA PR A a ke B SR B LPE a1 )
As descri ; [ AN ST p S rdi.n t he
resent erbodinief inblificd & skt OB, TRARH AEHAORRRNMA ye RS Botd &0

repr oduci bild b1 BRAAUABCHAISHPASU SRNIidet 2SS QERAN MIRANSy Of phi ST

beam L, which does not involve nechanical contact. er, since -11

ful | - aut ongaiidersidts g. " &Y viede Wit theeaB6ve-IRS:Ebe PREFAI IRk WREN the
elimnated, and stable, reliable nmeasurenent can be perforned. In

parti cul arseraomtdd 24 Viki dydvérs,athebsider28idagh Be didBailced Nl r@traafedr alohgn
several mllinmeters, such as an inner or outer ring of a bearing, can be
nmeasur ed abeurdliapydiréctiaddid iobrthebyylindricsd bbédypr@vivhichn will béedescribed
cylindrical -body introduction mechani sm section 14 for introducing the

cyl i ndri cdatdsodp pairnefoserrasgheuppettiebafts 128 sratpirovidey t©t peijedtt fromi b 3
and the novable straight rail 11 and the cylindrical -body discharge
nmechani sm $det isvafas {2 anschanegi passere typhghr ikales bd8y formedminhdhspace
between the stationary straight rail 3 and the novable straight rail 11,
the entirdOnRESUPBRENSH BREHOH % RusesrpaPplisationsSRings 30 am fiskdyoe t o
t he di scharge thereof can conpletely automated, Fig. 7 shows.a npdified
enbodi rren?t.h%l WR%%%‘G‘&W %g%é’ﬁﬂgg‘? ﬁéﬁts, idef 2&1@?5 ith tP'g)et'ﬁ‘éPP‘é‘FtEiié?%BOBol e
5, a seco reference pol e i r oyi de n.the side of the npyable

strai ght ?g?‘l ﬁ us, rfgfhf%ov@g’zfé,sstf%g%e’faé éSpBY%edSEOWQrcﬁi@gd Sg"i‘aqc@}ﬁrp’y to
the flat fagce 2. and,an_openi 51 is_provided,.in the novable strai rail
1101 or dei gPL/aNG S Ardrperditeiced Brtl iR, Beslfsopifotfe B 26
confi gur at4 b f.oul 4 re t ol Wb,
and thor of LReFEY LS SHRUHANBRHS RN IRRRLn the MR SEESINALS,
can be obtai ned through obtai nnent of an average val ue or other suitable
processing. In the nodified enbodinent, in addition to the |aser scan

m cronmeter 6, a second |aser scan mcronmeter 16 is provided perpendicul ar
to the laser scan microneter 6 so as to freasure the anount of novenent of
the cylindrical body C. In the enbodinent of Fig. 1, the position and

novenent anmount of the cylindrical body C can be obtained by neans of the
| oadi ng -12



mechani sm 38, the servonotor 24, etc. However, in the present, nodified
enbodi nent, the position and novenent anount of the cylindrical body C can
be obtai ned more accurately by use of the second | aser scan m cronmeter 16.
That is, a third reference pole 5t is provided on, t sgta&lg‘attary strai ght
rail 3. Thus, the rolling start position cth@est ed acgﬁrately from
the distance Ws between the referemed pofe 5t and t eylei®ri cal body C
and the novenent anount | Uota‘tl’?@ cylindric ﬁb@d?"‘@ can be obtai ned
accurately fro g@gghblr PPng start pgamint 88rf"and the position of the

&ﬁdmﬁcmovaﬁ y Cat t r§ \thrhﬁﬁ‘g end posi tign.4.ln this case, the outer

er of t drréfﬁc pole 5 3 greater Igfm:‘t) g% of the

refe. @cew 5t g %myWHate i nfl u§ tb‘f %e referie&tﬁe pol e 5t on
t hetdreasur ement tgf&dyhé stance \é}%}l@@ he ref ergng eth®l'e 5 and the
cyli nc{[ipadmﬁ&d& C. Not ablwn upit 9. 7, eﬁ&l@c urreral 16a g(enot es a
pr oj ton unit, qf td‘tefopeaser scan @mme %r ref r@rleéefnﬁmeral 16b
denot es a YeahY get ectl ng tro Whet he | as [ 15 Gl trometer sidnd
reference | ette tes | aser hea BY fect ed 0, the ‘15’?“0] ection unit
16a. V&lloeamé" pr esent |§ edtingn YRas been,d p%%’i?wth r éeﬁe\@ge to the
pref e?red enbodixﬁeﬂ t he npdj Bheﬂner?%bdl nent s i nventi on
i's not *écmot d® et o. “ RagargP struct urexludﬁ.t shapes Hoebber s,
mat eri al s, armn *ér‘% rmdlflcait jest any omg gqegmor %dltlon may be
possi bl gcmmfiée ed wltho rddp%crtlng from  happcof the i gyers don. For
exanpl e cyl Itﬁg Lhesy sP8lt es whi ng r\,ﬁn & sw table 1@ mfé‘ed’l st ortion
measur eggeite arat us_of taaedpr‘-’é? |nven g mraré i nner a&e Qyt@ﬁorl ngs Ci
and Co of bal | eand YM Howev e a{\:ﬁ fel& earin gmat®t fer cylindri cal
bodi es gjoetifbt ech uded ABUsnh RS the t er menaped n |caI body" used in the
pr esent speC|f6%§tﬁ r‘rcorrpasseﬁ‘@ GVFTAT 1 cal col umar body. -13 3 WHAT
|'S CLAI METh¢ 8% p\( t&\s for measuring distortion éﬁm’m (ﬂlcal
body, corrprrsr Ngect®¥stati onary sotnrrar ght rail provh ged @ﬁo at surf ace
cylindri oca:tﬁb‘%dy transf gﬁun;bé?’f%hr smfor r étle,ﬂ e cylindriegal o X} such
that a peri ph (F]tgatsd ace of ong m qne cyli ndrrh@,mmﬁtﬁﬁy remai ngx
contact wicPRPthe stati @r)aé‘% ight railq, S@rr%qaé‘r ence pok| { spr% at a
position separ atped @‘%&@det ermg Sy o s‘vpﬁnce fron}&hgasxs,%l i°ndri cal o dyain a
direction perpendicul ar .48 bBeFol | | ng dHegctdno of the C%/L ﬁﬁb‘tlf§ body, a

| aser scan @@e@et capabl e s mﬂ‘—”o neously s e ot her efd of
the cyli ndr‘{neé’af‘ body q.ﬂgaé\h'é e’gerence &oéeebyc%ans of |%§§§ ed thr© g
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beam projected toward the rolling direction to thereby neasure a distance
between the cylindrical body and the reference pole; and a control section
“for controlling the cylindrical-body transfer nechanismand the | aser scan
m cronmeter and for processing nmeasurenent data output fromthe | aser scan
m croneter to thereby obtfain a radjal distortion of the cylindrical body.
2. An appafat Hse PBPUﬁBa%iﬁ%eﬁ@Cavsrmﬂrt)mﬁero@ rgeliZes; s nPAnEsREy I dof@P ng to
claim1l, vvtherein the cylindrical bodsy i S an inBe(isor outer,ring of a
bearing. 3"T&S/8FparRisS I eReds SR PR Ot O H eyl i cBFHs8y
according to claiml or 2 erein the stationary straight rail is forned
of a plat emﬁgﬁgaﬁmgpt bso%%%%l\ﬁa‘thi ckness and has a straight side portion on
at | east one -1 i t he fans r.ai i de i I ngt h
For onabl i ng t noteyTyiler 83 8BsnisaPBonk iflRels B SrEARA B ST 1 0
appar at us JRAJL 4 i i f ~a: eyl iindrl rdi claim
3, wherei nltn?f]% st agiﬂoﬂr%gf 8112%1{?%%%{8 d?alcl lrﬁéséﬂz} £ ng‘% %?gﬁ?ﬁgﬁ% eg{t:a&{>%tg)éltr‘?l ng
froman enitanee &S ahd RRE LnBPalfe shGigHtakdiPNAl Ys Srodiddl pealderd Inthe
start of the straight side portion, and a rear slant ‘side extending from
the end ofsthi®nsty aitekh6ird? PQHd @Re tfroftidN tinkl 98, eNHe RYihPRaRboti e
stationary straight rarl. 5. An apparatus for neasuring distortion of a
cyl i ndri cainthmtlyctRec aicbhagisd SHtyiodne4 Ghcluldes i sh6steh gnediainiBm 3henri & t he
cylindrical -body transfer nmechani smincludes a novable straight rail

di sposed tloatacg theclsdmisnond8y stThe gbhobadrd ,manHaaisini \&7 nixc hdisipssed or
nmovi ng the novabl e straight rail along the stationary straight rail, while
ur gi ng t heperpeadianlgt taithktstativhaty winadgh thenik 8 aoi o dvoated 1oai i rezai didet o
thereby rol| the cylindrical body, held between the stationary straight
rail and t®fetheostabionasy sirajekt rail 3. Jhenghadier 37 havaxeytainiatlipationiin. 6.
An apparatus, for neasuring distortion of a cylindrical bodéyaccordi ng to

claims, ISR RPIRRIBMALS fegry Aerie tauresa £YHRdricabBpay én logdteth 3has a
constani B ckacsesantca of Lol ohi, Shds BOcilon on oL Leasto one Sk
cylinds cohbat 48 Berlgh £ BEhe TR Rlg e 1 SRBRTBLIRA B
home position. The loading mechanism 38 includes an air cylinder 38c and
a push rod 38r integrally provided on a drive rod of the air cylinder 38c.
Upon advancement of the push rod 38r, the cylindrical body C located at the
head can be loaded to a rolling start position defined between the stationary
straight rail 3 and the movable straight rail 11.

Moreover, a cylindrical-body discharge mechanism section 15 for
discharging the cylindrical body C from the space between the stationary
straight rail 3 and the movable straight rail 11 is provided between the
stationary straight rail 3 and the beam-detecting unit 34. The
cylindrical-body discharge mechanism section 15 is constituted by a

discharge opening 39 formed in the base block 16. Preferably, the discharge

opening 39 is formed on the front side of the end position of the straight side



according to claim5 or 6, further conprising a cylindrical-body
dntroduction nmechanismfor introducing the cylindrical body into a space
between the stationary straight rail and the novable straight rail. 8. An
apparatus for neasuring distortion of a cylindrical body according to claim
7, wherein_the cyli i cgl -.body intrqduction nechani smincludes a shooter
mechani sm glog%%’%éé ‘ﬂgﬁﬁeﬁalﬂeaﬁ strgighidadi 3t i onary straight rail to be

| ocated on the rgar side of the statigpar straight rail with respect the
rol ling direction SFCREYe\AS ﬁE?WBaﬁn %b‘-’d %, eIt §damay Redtlaseden the

i ncl udi - Aq I [ d h rod j ly. i ' d
el g BhiceY bHAHCE RN ePE ottt etk o ded o e 10
cylindri cahupg%y?{eog&g&g (ﬁfftrc)hn? head is |oaded to a rolling start position.

9. An appar at or neasuring di'stortion of a cylindrical body according to
any one of cl ai ) er ﬁgan’g' W indrical -bo dj. sghar ge
nmechani sm f or dlniglcﬁgéﬁrl ﬁyg(%elﬁ%ﬁlgly ei ndr i E:%ﬁhg(%a? (ﬂé(k)r%ﬁg hééﬁlsnﬁgﬁc@ﬁi %’&C{Xeén % he
stati onar yvafipablin tiflthnadds e dRAPLIR! IR BfindAELN pby ANsARRBRLYS
for measuring distortion of a cylindrical body according 3 CI'Sid ,

wher ei n t hizagyldrirdrithied)l - PREyerdis Chiad GerdiBEN AU S 'Bdrﬂﬁh@@sofa%ﬁjé SEhas

opening provided on the front side of the end position of the straig si de
portion of strhegtet mtil Bnanyst lonapletely radihcivk twith aslRestojé@idih direelibh ¥ the

direction of the cylindrical body, the cylindrical body falling down
t hr ough t hkser sedsangle. oplenievgr, ihceAnttappacat u$ danpleasdvindidedistiorigon of
a cylindrical body -16 according to any one of the preceding clains,
further cof®dsithgthe deresent i embbdimenpnaseotieotiohofunetiom csédttbranl 2risor
angle of the stationary straight rail. 12. An apparatus for neasuring
di st or t i onPTViged @i s an Rigd§ incudeitagertorangeroneoroéctidre forr exremiling
clains, wherein the reference pole i s disposed on one side of the
cyl i ndri caP™hEdy eres. aﬁﬁleagﬁa? the steright side inegtians8erwitbnrespeet to the
cylindrical_bhody according one of clainms 1 to, 11, wherein the
ref erence %%q?%&%/%n gilrseﬁglgga"fz)ﬁmg%ﬁr Beasy Lo ﬂ‘ﬁ &ogTAStieRy fungtigsyaections 13 an
appar at us i istorti;on of a.cylindrical, K bo according to any
one of t he&ggr“e’{gggislﬂg' gﬁggtnutsscfesf%g? ﬂeg 1080‘?‘}5%6& %5 ﬁxesdet:‘b P&?@ﬁa?es E’g'ﬁlg%t
m cronet erpihi§hy 4§ HAiHSPASRS d]t} he ;| aser .scan m croneter and
adapted to measure novenent q}op Skﬁggc fcﬁéﬁgq%%p%aggy&oghﬁe Wp Tabe She
LU AP A3 ASA AT R BLOA) B b Bl A0 AR AXE ) ) ©
K} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca Iéla cgft(?% cal cal ¢a ggﬁ‘gna céig%aﬂfca] ca
] ca] ca] ca]mayin) clad aadealeadtedighe ail0Z4Gwhile keeping the tip of the detection
element 45 in contact with the stationary straight rail 3. The thus-detected
error Eo is registered in advance. Notably, the error Eo may be detected by
another method in which a master cylindrical body whose distortion Ed can
be approximated to zero is prepared in advance, and the master cylindrical
body is rolled one turn to thereby detect the error Eo. The above-described
correction function section 13 enables measurement of improved accuracy.
Next, a method of using the distortion measurement apparatus 1

according to the present embodiment as well as a method of measuring

distortion of a cylindrical body C will be described in accordance with the
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0@ rTN/sho‘gc‘)@‘lg O{%eéﬁamsm 37. When a measurement start command is output
from the control section 7, the air cylinder 38c is driven so as to advance the
push rod 38r (step S1). Thus, the cylindrical body C at the head of the line
of the cylindrical bodies C, which is indicated by a solid line in Fig. 1, is
pushed out from the shooter mechanism 37 and is loaded to the rolling start
position between the stationary straight rail 3 and the movable straight rail
11 (step S2). At this time, the movable straight rail 11 stands by at the
home position shown in Fig. 1 and is urged toward the stationary straight
rail 3 by the pressure-application springs 30. Therefore, the cylindrical
body C is pushed under pressure to the space between the stationary
straight rail 3 and the movable straight rail 11.

Subsequently, when the control section 7 outputs a command for
operating the servomotor 24, the servomotor 24 operates in order to move
the slider 26 toward the rolling direction Fc of the cylindrical body C, and
moves the movable straight rail 11 in the same direction (step S3). Thus,
the cylindrical body C rolls while maintaining contact with the stationary
straight rail 3 (step S4).

Meanwhile, the projection unit 33 projects laser beam L, which is
parallel to a horizontal plane, and the beam-detecting unit 34 receives the
beam. At this time, as shown in Fig. 4, the laser beam L scans the upper
portion of the cylindrical body C and the reference pole 5 simultaneously.

At this time, due to presence of the cylindrical body C and the reference pole
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5, the parallel laser beam L produces shadow portions. On the basis of the
shadow portions, the laser scan micrometer 6 measures the distance W
between the cylindrical body C and the reference pole 5. Since the
cylindrical body C rolls, the measurement of the distance W is performed
continuously (step S5). The term "continuously" means collection of a large
number of measurement data sets at constant sampling intervals, preferably
at intervals that are as short as possible.
After the cylindrical body C has rolled one turn, the maximum value
Wmax and minimum value Wmin of the distance W are obtained from the
measurement data, and the distortion Ew is obtained from the difference
therebetween (steps S6 and S7). Further, since the correction amount Eo
has been registered in advance, the correction amount Eo is subtracted from
the thus-obtained distortion Ew to thereby obtain a corrected distortion Ed
(step S8). Subsequently, the distortion Ed is compared with a reference
value (threshold) Es. When Ed < Es, processing for a non-defective product
is performed (steps S9 and S10). When Ed 2 Es, processing for a defective
product is performed (steps S9 and S11). When the cylindrical body C has
rolled to the end position, the cylindrical body C falls into the discharge
opening 39 so as to be discharged. All the above-described measurement
steps can be automated. When another cylindrical body C to be measured
next is present, the above-described measurement steps are repeated (step
S12).
As described above, the distortion measurement apparatus 1
according to the present embodiment can perform precise measurement with

high reproducibility, because the measurement is performed by means of

laser beam L, which does not involve mechanical contact. Further, since
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mO%cE () - flﬁ?—%%‘%&)x(r&fti\o!n can be realized with ease, manual operation can be
eliminated, and stable, reliable measurement can be performed. In
particular, a small cylindrical body having a diameter not greater than
several millimeters, such as an inner or outer ring of a bearing, can be
measured accurately. In addition, by virtue of provision of the
cylindrical-body introduction mechanism section 14 for introducing the
cylindrical body C into the space between the stationary straight rail 3 and
the movable straight rail 11 and the cylindrical-body discharge mechanism
section 15 for discharging the cylindrical body C from the space between the
stationary straight rail 3 and the movable straight rail 11, the entire
measurement operation from supply of the cylindrical body C to the
discharge thereof can be completely automated.

Fig. 7 shows a modified embodiment. In the modified embodiment,
in addition to the reference pole 5, a second reference pole Ss is provided on
the side of the movable straight rail 11. In this case, the reference pole 5s is
fixed directly to the flat face 2; and an opening 51 is provided in the movable
straight rail 11 in order to avoid interference with the reference pole Ss.
This configuration enables simultaneous measurement of two distances Wa
and Wb, and therefore, more accurate distortion Ed having a further reduced
error can be obtained through obtainment of an average value or other
suitable processing.

In the modified embodiment, in addition to the laser scan micrometer
6, a second laser scan micrometer 16 is provided perpendicular to the laser
scan micrometer 6 so as to measure the amount of movement of the
cylindrical body C. In the embodiment of Fig. 1, the position and movement

amount of the cylindrical body C can be obtained by means of the loading
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embodiment, the position and movement amount of the cylindrical body C
can be obtained more accurately by use of the second laser scan micrometer
16. That is, a third reference pole 5t is provided on the stationary straight
rail 3. Thus, the rolling start position can be obtained accurately from the
distance Ws between the reference pole 5t and the cylindrical body C; and
the movement amount Wr of the cylindrical body C can be obtained
accurately from the rolling start position and the position of the cylindrical
body C at the rolling end position. In this case, the outer diameter of the
reference pole 5 is rendered greater than that of the reference pole 5t, so as
to eliminate influence of the reference pole 5t on the measurement of the
distance Wa between the reference pole 5 and the cylindrical body C.
Notably, in Fig. 7, reference numeral 16a denotes a projection unit of the
laser scan micrometer 16; reference numeral 16b denotes a beam-detecting
unit of the laser scan micrometer 16; and reference letter Ls denotes laser
beam projected from the projection unit 16a.

While the present invention has been described with reference to the
preferred embodiment (and the modified embodiment), the present invention
is not limited thereto. Regarding structural details, shapes, numbers,
materials, among others, modifications and any omission or addition may be
possible as needed without departing from the scope of the invention. For
example, cylindrical bodies which are most suitable to the distortion
measurement apparatus of the present invention are inner and outer rings
Ci and Co of ball bearings M. However, roller bearings and other cylindrical
bodies are not excluded. Further, the term "cylindrical body" used in the

present specification encompasses a cylindrical columnar body.
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WHAT IS CLAIMED IS:

1. An apparatus for measuring distortion of a cylindrical body,
comprising:

a stationary straight rail provided on a flat surface;

a cylindrical-body transfer mechanism for rolling the cylindrical body
such that a peripheral surface of one end of the cylindrical body remains in
contact with the stationary straight rail;

a reference pole disposed at a position separated a predetermined
distance from the cylindrical body in a direction perpendicular to the rolling
direction of the cylindrical body;

a laser scan micrometer capable of simultaneously scanning the
other end of the cylindrical body and the reference pole by means of laser
beam projected toward the rolling direction to thereby measure a distance
between the cylindrical body and the reference pole; and

a control section for controlling the cylindrical-body transfer
mechanism and the laser scan micrometer and for processing measurement
data output from the laser scan micrometer to thereby obtain a radial

distortion of the cylindrical body.

2. An apparatus for measuring distortion of a cylindrical body
according to claim 1, wherein the cylindrical body is an inner or outer ring of

a bearing.

3. An apparatus for measuring distortion of a cylindrical body

according to claim 1 or 2, wherein the stationary straight rail is formed of a plate

member of constant thickness and has a straight side portion on at least one
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4. An apparatus for measuring distortion of a cylindrical body
according to claim 3, wherein the stationary straight rail has a front slant
side extending from an entrance-side end portion of the stationary straight
rail to the start of the straight side portion, and a rear slant side extending
from the end of the straight side portion to an exit-side end portion of the

stationary straight rail.

5. An apparatus for measuring distortion of a cylindrical body

according to any one of the preceding claims, wherein the cylindrical-body
transfer mechanism includes a movable straight rail disposed to face the
stationary straight rail, and a drive mechanism for moving the movable
straight rail along the stationary straight rail, while urging the movable
straight rail toward the stationary straight rail, to thereby roll the
cylindrical body, held between the stationary straight rail and the movable
straight rail, along the stationary straight rail.

6. An apparatus for measuring distortion of a cylindrical body
according to claim 5, wherein the movable straight rail has a plate portion
which has a constant thickness and a straight side portion on at least one
side thereof, the straight side portion having a length for enabling the

cylindrical body to be rolled at least one turn.

7. An apparatus for measuring distortion of a cylindrical body
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mechanism for introducing the cylindrical body into a space between the

stationary straight rail and the movable straight rail.

8. An apparatus for measuring distortion of a cylindrical body
according to claim 7, wherein the cylindrical-body introduction mechanism
includes a shooter mechanism disposed perpendicular to the stationary
straight rail to be located on the rear side of the stationary straight rail with
respect the rolling direction of the cylindrical body, and a loading
mechanism including an air cylinder and a push rod integrally provided on a
drive rod of the air cylinder, wherein upon advancement of the push rod, the

cylindrical body located at the head is loaded to a rolling start position.

9. An apparatus for measuring distortion of a cylindrical body

according to any one of claims 5 to 8, further comprising a cylindrical-body
discharge mechanism for discharging the cylindrical body from the space

between the stationary straight rail and the movable straight rail.

10. An apparatus for measuring distortion of a cylindrical body
according to claim 9, wherein the cylindrical-body discharge mechanism
includes a discharge opening provided on the front side of the end position of
the straight side portion of the stationary straight rail with respect to the
rolling direction of the cylindrical body, the cylindrical body falling down

through the discharge opening.

11. An apparatus for measuring distortion of a cylindrical body
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straight rail.

12. An apparatus for measuring distortion of a cylindrical body

according to any one of the preceding claims, wherein the reference pole is

disposed on one side of the cylindrical body.

13. An apparatus for measuring distortion of a cylindrical body
according to any one of claims 1 to 11, wherein the reference pole is

disposed on both sides of the cylindrical body.

14. An apparatus for measuring distortion of a cylindrical body

according to any one of the preceding claims, further comprising a second
laser scan micrometer which is disposed perpendicular to the laser scan

micrometer and adapted to measure movement of the cylindrical body.

-17 -



